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Preface 


The general scope of the problem attacked in this book is 
sufficiently indicated in the introductory chapter. Suffice it to 
add here merely that my attention was directed to its profound 
; importance in consequence of assuming responsibility for an 
advanced course in ffie history of British philosophy at Co¬ 
lumbia University. An intensive study of the classic English 
thinkers early taught me that no one could hope to appreciate 
ffie motives underlying their work till he had mastered the 
‘ philosophy of the one Engl ishman whose authority and in¬ 
fluence in modem times has rivalled that of Aristotle over the 
late medieval epoch-^ir Isaac Newton. 

I wish to express my special indebtedness to Dean F.}. E. 
Woodbridge, of the Department of Philosophy, Columbia 
University, for the stimulus of his teaching and for his own 
critical interest in Newton’s philosophy; to Prof. Morris R. 
Cohen, of the College of the City of New York, an authority m 
tfiis fleld; to Dr. J. H. Randall, Jr., whose extensive researches 
in the same field have made his criticisms most helpful; and 
~~Snally to my wife, without whose faithful companionship and 
CjiHoperation the task would have been qmte impossible of 
fulfilment. 

. A word about the quotations in the following chapters. 
Since I have dealt in large part with hitherto untran^ated 
source material, I must accept responsibility for the transla¬ 
tions of; Copernicus (except for the Letter to Pope Paul III, 
^ where I have used Miss Dorothy Stimson's translation in her 
Gradual Acceptance of the Copemiccm Theory of the Uni- 
d^se); Kepler; Galileo (except his Dialogues Concerning the 
iwo Great Systems of the World and Dialogues and Alath^ 
matical Demonstrations Concerning Two New Sciences, where 



I have used the translations noted); Descartes, as regards all 
the quotations taken from the Cousin edition of his works; 
More’s Enchiridion Metaphysicum; Barrow; and Newton,^ 
regards the quotations from Horsley’s edition of his wor^ 
Vol. rV, pp. 314-20. Hie remaining quotations are from trans-^ 
lations already in the field. 

I wish to express hearty thanks to my friend and colleague, 
Professor T. V. Smith, of the University of Chicago, who has 
shared with me the labour of reading the proofs. 


University of Chicago. 


E.A.B. 



Preface to the Revised Edition 


Would that I were competent to rewrite the present volume 
with a dear grasp of all that has happened in the world of 
sdence since die days of Newton, and especially in the light of 
contemporary transformations in physics! In lieu of that 1 am 


with none but minor changes. No historical researches during 
last six years with which 1 have become aquainted seem 
to rquire any essential changes in the survey here embodied, 
so far as it reaches. 

The concluding chapter, however, has been almost entirely 
rewritten. Its original emphasis is no longer quite consonant 
with my present philosophic leads, and it Med to bring out the 




StimfordVnlvmity,Ca}iU 
November 1931. 


E.A.B. 
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CHAPTER I INTRODUCTION 


A. Historical Problem Suggested by 
the Nature of Modern Thought 

How curious, after all, is the way in which we tnoderos 
think about our worldl And it is all so novel, too. The cos¬ 
mology underlying our mental processes is but three centuries 
Sd-a mere infant in the history of thought—and yet we cling 
^to it with the same embarrassed zeal with which a young 
father fondles his new-born baby. Like him, we are ignorant 
enough of its precise nature; like him, we nevertheless take it 
piously to be ours and allow it a subtly pervasive and un¬ 
hindered control over our thinking. 

The world-view of any age can be discovered in various 
ways, but one of the best is to note the recurrent problems of 
its philosophers. Philosophers never succeed in getting quite 
outside the ideas of their time so as to look at them objectively 
—this would, indeed, be too much to expect. Nrither do maid¬ 
ens who bob their hair and make more obvious their nether 
bifurcation see themselves through the eyes of an elderly 
Puritan matron. But philosophers do succeed in ^impsing 
some of the problems involved in the metaphysical notions of 
'~their day and take harmless pleasure in speculating at them in 
more or less futile fashion. Let us test the modem world-view 
in this manner. What are the problems whose conect treat¬ 
ment, it has generally been taken for granted, constitute the 
main business of metaphysical thinkers? Well, most conspic¬ 
uous of these is the so-caUed problem of knowledge; the main 
current of speculative inquiry from Descartes onward has been 
permeated by the conviction that investigation into the nature 
and possibility of knowledge forms a necessary preliminary to 
successful attack upon other ultimate issues. Now, how 
did all this come about? What assumptions were people ac¬ 
cepting when they plunged themselves into these'profound 
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epistemotogical ponderings? How did these assumptions get 
into men’s thinking? To raise such questions at a timp vtrhen 
everybody vigorously believes that philosophy must do tl^» 
sort of thing, is, of course, inopportune and futile, but ndjJ? 
that some contemporary philosophers have made bold to dis-^ 
card epistemology as the study of unreal puzzles, the occasion 
is ripe to suggest them. Does the problem of knowledge lead 
thinking into false directions, and nullify its cnnnlnainn s by un¬ 
sound premises? What are the premises anyway, how are they 
related to the other essential features of modem thought, and 
what was it at bottom that induced people in modern times to 
think in this fashion? The central place of epistemology in 
modem philosophy is no accident; it is a most natural coroUar^ 
of something still more pervasive and si gnific ant, a conception 
of man ^self, and especially of his relation to the world ^ 
around him. Knowledge was not a problem for the mling phi-j 
losophy of the Middle Ages; that the whole world which man’s 
mind seeks to understand is intelligible to it was explicitly 
taken for granted. That people subsequently came to consider 
knowled^ a problem implies that they had been led to accept 
certain different beliefs about the nature of man and about 
the things which he tries to understand. What are those beliefs 
and how did they appear and develop in modem times? In 
just what way did they urge thinkers into the particular mpf - 
aphysical attempts which fill the books of modem philosophy? 
Have these contemporary thinkers who decry espistemolog^y 
really made this whole process thoroughly objective to them¬ 
selves? Why, in a word, is the main current of modern thoughft 
whatitis? 

When “the main current of modem thought” is spoken of 
in this wholesale fashion, a brief word mi^t be injected to 
show that a certain obvious danger is not blindly fallen into. 

It may very well be that the truly constmctive ideas of modem 
philosophy are not cosmological ideas at all, but such ethico- 
social concepts as "progress,” “control,” and the like. These 
form a f^cinating key to the interpretation of modem thought 
and give it a quite different contour from that which it assum^ 
when we follow up its metaphysical notions. But with that ? 
aspect of modern t hinkin g we are not concerned in the present 
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treatment. In the last analyse it is the ..yltiinate picture which 
an age foroTs of the nature of its world that is its most funda-, 
. j'l^tal possession. It is the final controlling factor in all think- 
whatever. Arid that the modem mind clearly has such a 
picture, as dearly as any previous age that one might wish to 
sdect, it will not take us long to see. What are the essential 
elements in that picture, and how did they come there? 

Doubtless it is no mystery why, amid all the genetic studies 
entered upon with such confidence to-day, the precise nature 
and assumptions of modern scientific thinking itself have not 
as yet been made the object of really disinterested, critical 
^earch. That this is tme is not due merdy to the fact, itself 
important enough, that all of us tend easily to be caught in the 
point of view of our age and to acc^t unquestioningly its 
main presuppositions: it is due also to the associations in our 
{binds between the authoritarian principle and that dominant 
medieval philosophy from which modem thou^t broke in suc¬ 
cessful rebellion. Modem think ers have been so unanimous 
and so vigorous in their condemnation of the manner in which 
large propositions were imposed on innocent minds by external 
authority that it has been rather easily taken for granted that 
the propositions themselves were quite untenable, and that the 
essential assumptions underlying the new principle of freedom, 
the manner in which knowledge was successfully sought with 
ite support, and the most general implications about the world 
which seemed to be involved in the process, are thorou^y 
^ell grounded. But what business have we to take all this for 
sound doctrine? Can we justify it? Do we know clearly what 
ik means? Surely here is need for a critical, historical study 
of the rise of the fundamental assumptions characteristic of 
modem thinking. At least it will compel us to replace this 
easy optimism with a more objective insight into our own in¬ 
tellectual postulates and methods. 


Let us try to fix in preliminary fashion, although as pre¬ 
cisely as we may, the central metaphysical contrast between 
.^mgdieval and modem thought, in respect to thdr concqition of 
^sn’s relation to his natural environment. For the dominant 
trend in medieval thought, man occupied a more significant 
and determinative place in the universe than the realm of 
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physical nature, while for the main current of modem thought, 
nature holds a more independent, more determinative, and 
more permanent place than man. It will be hdpful to analyWy,^ 
this contrast more spedflcally. For the Mi ddle Age s man .\rai^ 
in every seiue the cento of the inverse. The whole world of 
nature was l^eved to be teleologically subordinate to him and 
1^ eternal destiny. Toward this conviction the two peat move¬ 
ments which had become united in the medieval synthesis, 
Oieek philosophy and Judeo-Christian theology, had irresist¬ 
ibly led. The prevailing world-view of, the period was marked 
by a deep and persistent assurance that man, with his hopes 
and ideals, was the all-important, even controlling fact in thq 
universe. 

lbk_3daw-unde clav medieval phy sics. The entire world of < 
mtoe was held not ^pnlyja-exist-for, man’s .s,^e, but to be 
... IjkfladaB JBimaSiate iv pggent and fully, int^lipbl^tphis mind.* 
Hence the categories in terms of which it was interpreted were 
not those of time, space, mass, energy, and the like; but sub¬ 
stance, essence, matter, form, quality, quantity-categories de¬ 
veloped in the attempt to throw into scientific form the facts 
and relations observed in man's unaided sense-experience of 
the world and the main uses which he made it serve. Man was 
believed to be active in his acquisition of knowledge—nature 
passive, ^^en he observed a distant object, something pro- 
' ceeded from his eye to that object rather than from the object 
■ to his eye, Md, of course, that which was real about objects' 
■? ms that which coufd be iihmediately perceived about them by 
‘-iuraan-Knaesr'ThingS'that'appeared different were different”^ 
substances, such as ice, water, and steam. The famous puzzle? 
6f the water one ■'hand and cold to the other was a 
genuine difSculty to medieval physics, because for it heat and 
cold were distinct substances. How then could the same water 
possess both heat and cold? Light and heavy, being distin¬ 
guished by the senses, were held to be distinct qualities, each 
as real as the other. Similarly on the teleological side: an ex¬ 
planation in terms of the relation of things to human purpose 
was accounted just as real as and often more important thS^ 
an explanation in terms of efficient causality, which expressed 
their relations to each other. Rain fell because it nourished 
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man’s crops as truly as because it was expelled from the 
clouds. Analogies drawn from purposive activity were freely 
ii^. Light bodies, such as fire, tended upward to their proper 
'^ '^ce; heavy bodies, such as water or earth, tended downward 
to theirs. Quantitative differences were derived from these 
teleological distinctions. Inasmuch as a heavier body tends 
downward more strongly than a lighter, it will reach the earth 
more quickly when allowed to fall fredy. Water in water was 
believed to have no weight, inasmuch as it was already in its 
proper place. But we need not multiply instances; these will 
sufficiently illustrate the many respects in which, medieval 
Spence testified to, its p^supj^iHon that man, with his means 
of knowledge and his needs, was the determinative fact in tlm 
••wprld. . 

Fimhennore,. it. was^taken for-^^-anted-that- this'-terrestiial 
habitat of man was in the cmtre, of the astronomicaLiealm. 
With the exception of a few hardy but scattered thinkers, the 
legitimacy of selecting some other point of reference in astron¬ 
omy than the earth had never suggested itself to any one. 
Jhl earth appe ared... aJhin g. vast, solid, and quiet; the starry 
heavens seemed like a light, arry, ^nd not tog distant sphere 
moving easily abo ut it; even the keenest scientific investigators 
of ancient times dared not suggest that the sun was a twentieth 
of its actual distance from the earth. What more natural than 
to hold that these regular, shining lights were made to circle 
round man's dwelling-place, existed in short for his enjoyment, 
ins truction, and use? TJie whole universe was a small,, finite 
^lace, and it was man’s place. He occupied the centre; his 
gf)pd was the conhoUing end of the natural creation. 

the realm of m an. The medieval thinker never forgot that his 
philosophy was a religious philosophy, with a firm persuasion 
of man’s immortal destiny. The Unmoved Mover of Aristotle 
and the personal Father of the Christian had become one. 
There was an eternal Reason and Love, at once Creator and 
of the whole cosmic scheme, with whom man as a reason- 
fsing' and loving being was essentially akin. In the religious 
experience was that kinship revealed, and the religious ex¬ 
perience to the medieval philosopher was the crgj^"”" 
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gpimtifip. fact. Reason had become married to mystic inward¬ 
ness and entrancement; the crowning moment of the one, ttat 
transitory but inexpressibly ravishing vision of God, was lito^ 
wise the moment in which the whole realm of man’s kno^m 
edge gained final significance. The world of nature, existed that 
it might be known and enjoyed by manTTClan in..tuHi"existed 
that He' miebt ‘‘know God Mg eBrSVffim'forever.’Mn t^ gra- 
c iously man -wiCh an eternal Reason,and 

Love^ lav, for mediev aLphilosoobv^ n.gtiarantee that the whole 
natural world inj|ts^present form was but a moment in a 
^eat 'divine^drama whli^ reached over countless sons past 
an3~'pfSearim d in . which man’s place was quite indestructibly 

jCeTuTmake all rbi« vivid to ourselves by the aid of a few 
verses from that marvellous poetic product of the philosophy 
of the Middle Ages, the Divine Comedy of Dante. It but puts in 
sublime form the prevailing conviction of the essentially hu¬ 
man character of the universe. 

The All-Mover’s glory penetrates through the universe, and 
regloweth in one region more, and less in another. 

In that heaven which most receiveth of his light, have I 
been; and have seen things which whoso descendeth from 
up there hath nor knowledge nor power to re-tell; 

Because, as it draweth nigh to its desire, our intellect sink- 
eth so deep, that memory cannot go back upon the track. 

Nathless, whatever of the holy realm 1 had the power to* 
treasure in my memory, shall now be matter of my 
song. . , 

Much is granted there which is not granted here to ou^ 
powers, in virtue of the place made as proper to the 
human race. , . . 

All things whatsoever observe a mutual order; and this the 
form that maketh the universe like unto God. 

Herein the exalted creatures trace the impress of the Eternal 
Worth, which is the goal whereto was made the norm 
now spoken of. 

In the order of which I speak all things incline, by divem^ 
lots, more near and less unto their principle; 

Wherefore they move to diverse ports o’er the great sea of 
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being, and each one with instinct given it to bear it on. 
This beareth the fire toward the moon; this is the mover in 
- the hearts of things that die; this doth draw the earth 
together and unite it. , 

Nor only the creatures that lack intelligence doth this bow 

shoot, but those that have both intellect and love. , . 

Gazing upon his son with the love which the one and the 
other eternally breathes forth, the primal and ineffable 
Worth, 

Made whatsoever circleth through mind or space with so 
great order that whoso looketh on it may not be without 
some taste of him. 

'* Then, reader, raise with me thy sight to the exalted wheels, 
directed to that part where the one movement smiteth 
on the other; 

s. And amorously there begin to gaze upon that Masters art, 
who within himself so loveth it, that never doth lie part 
his eye from it. 

See how thence off brancheth the oblique circle that beareth 
the planets, to satisfy the world that calleth on them; 

And were their pathway not inclined, much virtue in the 
heaven were in vain, and dead were almost every potency 
on earth; 

And if, from the straight course, or more or less remote 
were the departure, much were lacking to tlic cosmic 
order below and eke above. 

_^From the description of Dante’s final mystic union with 
God: 

t 

O light supreme, who so far dost uplift thee o’er mortal 
thought, re-lend unto my mind a little of what thou then 
didst seem. 

And give my tongue such power that it may leave only a 
single spark of thy glory unto the folk to come; 

I hold that by the keeimess of the living ray which I en¬ 
dured I had been lost, had mine eyes turned aside from it. 
■Ind so I was the bolder, as 1 mind me, so long to sustain it 
as to unite my glance with the Worth infinite, 

0 grace abounding, wherein I presumed to fix my look on 
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the eternal light so long that I consumed my sight thereon! 

Within its depths I saw ingathered, bound by love in one 
volume, the scattered leaves of all the universe; 

Substance and accidents and their relations, as though fwf 
gether fused, after such fashion that what I tell of is one 
simple flame. . . . 

Thus all suspended did my mind gaze fixed, immoveable, 
intent, ever enkindled by its gazing. 

Such at that light doth man become that to turn thence to 
any other sight could not by possibility be ever yielded. 

For flie good, which is the object of the will, is therein wholly 
gathered, and outside it that same thing is defective 
which therein is perfect. ... 

O Light eternal, who only in thyself abidest, only thyself 
dost understand, and to thyself, self-understood, self-un¬ 
derstanding, tumest love and smiling: r 

That circling which appeared in thee to be conceived as a 
reflected light, by mine eyes scanned some little. 

In itself, of its own color, seemed to be painted with our 
eflSgy and thereat my sight was aU committed to it, 

As the geometer who all sets himself to measure the circle 
and who findeth not, think as he may, the principle he, 
lacketh; 

Such was I at this new seen spectacle; I would perceive how 
the image consorteth with the circle, and how it settleth 
there; - 

But not for this were my proper wings, save that my mind 
was smitten by a flash wherein its will came to it. 

To the high fratasy here power failed; but already my deif 
sire and will were rolled—even as a wheel that moveth 
equally- 

By the Love that moves the sun and the other stars.^ 

Compare with this an excerpt from a representative con¬ 
temporary philosopher of influence, which embodies a rather 
extreme statement of the doctrine of man widely current in 
modem times. After quoting the Mephistophelian accounthsi^ 

^Selections from the Paradiso, Cantos I, X, and XXXm, 
Temple Classics edition. 
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creation as the performance of a quite heartless and capricious 
being,^ he proceeds: 

^ Such, in outline, but even more purposeless, more void of 
^meaning, is the world which Science presents for our belief. 
Amid such a world, if anywhere, our ideals henceforward 
must find a home. That man is the product of causes which 
had no prevision of the end they were achieving; that his 
origin, his growth, his hopes and fears, his loves and his 
beliefs, are but the outcome of accidental collocations of 
atoms; that no fire, no heroism, no intensity of thought and 
feeling, can preserve an individual life beyond the grave; 
A that all the labours of the ages, all the devotion, all the 
inspirations, all the noonday brightness of human genius, 
are destined to extinction in the vast death of the solar 
system, and that the whole temple of Man’s achievement 
^ must inevitably be buried beneath the debris of a universe in 
ruins—all these things, if not quite beyond dispute, are yet so 
nearly certain, that no philosophy which rejects them can 
hope to stand. Only within the scaffolding of these truths, 
only on the firm foundation of unyielding despair, can the 
soifi’s habitation henceforth be safely built . . . 

Brief and powerless is Man’s life; on him and all his 
race the slow, sure doom falls pitiless and dark. Blind to 
good and evil, reckless of destruction, omnipotent matter 
rolls on its relentless way; for Man, condemned to-day to 
lose his dearest, to-morrow himself to pass through the gate 
, of darkness, it remains only to cherish, ere yet the blow 
falls, the lofty thoughts that ennoble his little day; disdaining 
^ the coward terrors of the slave of Fate, to worship at the 
shrine that his own hands have built; undismayed by the 
empire of chance, to preserve a min d free from the wanton 
tyraimy that rules his outward life; proudly defiant of the 
irresistible forces that tolerate, for a moment, his knowledge 
and his condemnation, to sustain alone, a weary but un¬ 
yielding Adas, the world that his own ideals have fashioned 
Respite the trampling march of unconscious power. 

2 Bertrand Russell, A Free Man’s Worship (Mysticism and 
Logic) New York, 1918, p. 46, ff. 
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What a contrast between the audacious philosophy of Dante 
—reposeful, contemplative, infinitely confident—and this viewl 
To Russell, man is but the chance and temporary product 
blind and purposeless nature, an Irrelevant spectator of hf^ 
doings, almost an alien intmdmr on her domain.^ No high 
place in a cosmic teleology is his; his ideals, his hopes, his 
mystic raptures, are but the creations of his own errant and 
enthusiastic imagination, without standing or application to a 
real world interpreted mechanically in terms of space, time, 
and unconscious, though eternal, atoms. His mother earth is 
but a speck in the boundlessness of space, his place even on 
the earth but insignificant and precarious, in a word, he is at 
the mercy of brute forces that unknowin^y happened to throw 
him into being, and promise ere long just as unknowingly to 
snuff out the candle of his little day. Himself and all that is 
dear to him will in course of time become “buried in a unl>rj 
verse of ruins.” 

This is, of course, an extreme position; at the same time is 
it not true that the reflective modem man, in his cosmological 
inoods, feels this analysis of the situation thrusting itself upon 
him with increasing cogency? To be sure, there are always 
some who try to avoid cosmology; there are likewise a few 
idealistic philosophers and a much larger number of religious 
enthusiasts who confidently hold to a different view, but 
would it not be safe to say that even among their ranks there 
is much secret fear that something like the above convictioif 
would be found inescapable if the facts were faced with ab¬ 
solute candour? For there is a truth on such matters as on all 
others. In any case, speculation has clearly been moving in Ibis’ 
direction: just as it was thoroughly natural for medieval think¬ 
ers to view nature as subservient to man's knowledge, purpose, 
and destiny; so now it has become natural to view her as 
existing and operating in her own self-contained independence, 
and so far as man's ultimate relation to her is clear at all, 
to consider Ms knowledge and purpose somehow produced by. 
-her, and his destiny wholly dependent on her. .teiB 

® This author has now adopted a less extreme position on these 
pomts. (Revised Edition.) 
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^ The Metaphysical Foundations of 

Modern Science the Key to this Problem 

One hardly philosophizes to-day in the true sense of the 
word unless one understands how it was that this veritable 
upheaval in the main current of intelligent thought has histori¬ 
cally come about. And this is precisely the question we wish to 
ask. But, and this is now the interesting point, when the ques¬ 
tion is raised in just this form, one soon realizes that a study 
(k modem philosophy—that is, of the writmgs of those men 
^whose names flU the histories of modem philosophy—gives one 
little help in the attempt to answer it. For modem metaphysics, 
^ least beginning with the work of Berkeley and Leibniz, has 
another and more significant connecting thread than that of 
its epistemological interest; it is in large part a series of un¬ 
successful protests against this new view of the relation of man 
to nature. Berkeley, Hume, Kant, Fichte, Hegel, James, Berg¬ 
son—all are united in one earnest attempt, the attempt to rein¬ 
state man with his high spiritual claims in a place of impor¬ 
tance in the cosmic scheme. The constant renewal of these 
attempts and their constant failure widely and thorou^y to 
convince men, reveals how powerful a grip the view they were 
•sifttacking was winning over people’s minds, and now, perhaps 
even more than in any previous generation, we find philoso- 
'pUers who are eager above all things to be intellectually honest, 
^ady to give up the struggle as settled and surrender the field. 
iA philosophy akin to Russell’s in the relevant essentials, ven¬ 
tures to-day to call itself by the name “naturalism,” implying 
the assurance that a fr ank facing of the facts by a normal 
mind, free from malicious inner distortions, will inevitably 
lead to acquiescence in his results. 

What is the reason for the failure of these attempts? A 
possible answer to this question is, of course, that they were 
cilidemned to be ineffectual from the start, that the modem 
Mew of man’s relation to his environment, though never ac¬ 
knowledged before in quite this form, is after aU the truth. The 
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pathetic characteristic of human nature whidi enables man 
easily to thinic naore highly of himsdf than he ought to think— 
to swallow gullibly a flattering notion of his own importai^^l 
in the drama of the ages—might fairly well explain the fact' 
that in all the dominant currents of thougiht in almost all 
previous times and places, even where the theoretic interest 
had become strong, he was prone to fancy that there was 
something imbedded in the eternal structure of things more 
akin to that which was most precious in himself than particles 
of matter in their changing relations. That the scientific phi¬ 
losophy of the Gredrs, with all its sublime passion for the very 
truth of things, arrived in its turn at an exalted philosophy o|L 
man, might be due to the circumstances insisted upon by som^ 
historians of thought, that the zenith of Greek metaphysics 
was attained quite consciously through the extension, to the 
physical realm, of concepts and (pethods already found help</ 
ful in dealing with personal and social situations. It might be 
the result of a misapplication, to the universe at large, of a ' 
point of view legitimate enou^ in a certain field, the misap¬ 
plication being based in the last analysis on the unwarranted > 
assumption that because man, while here, can know and use | 
portions of his world, some ultimate and permanent difference . 
is thereby made in that world. 

There mi^t be, however, another possible answer to this ; 
question. It is obvious, from a casual observation of the 1 
medieval and modem methods of attacking the dfflculties oF' 
metaphysics, that a radical shift has been made in the funda¬ 
mental terminology used. Instead of treating things in terms" 
of substance, accident, and causality, essence and idea, mattei^ 
end form, potentiality and actuality, we now treat them in 
terms of forces, motions, and laws, changes of mass in space 
and time, and the like. Pick up the works of any modern 
philosopher, and note how complete the shift has been. To 
be sure, works in general philosophy may show little use of 
such a term as mass, but the other words will abundantly dot 
their pages as fundamental categories of explanation. In par¬ 
ticular it is difficult for the modem mind, accustomed to tb$k > 
so largely in terms of space and time, to realize how un¬ 
important these entities were for scholastic science. Spatial 
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and temporal relations were accidental, not essential charac¬ 
teristics. Instead of spatial connexions of things, men were 
, ,PRifing their logical connexions; instead of the onward march 
^ time, men thought of the eternal passage of potentiality into 
actuality. But the big puzzles of modem philosophers are all 
concerned with space and time. Hume wonders how it is pos¬ 
sible to know the future, Kant resolves by a coup de force 
the antinomies of space and time, Hegel invents a new logic 
in order to make the adventures of being a developing ro¬ 
mance, James proclaims an empiricism of the “flux,” Bergson 
bids us intuitively plunge into that stream of duration which 
is itself the essence of reality, and Alexander writes a met- 
r^physical treatise on space, time, and deity. It is evident, in 
other words, that modem philosophers have been endeavour- 
^ ing to follow the ontological quest in terms of a relatively new 
.^background of language and a new undercurrent of ideas. It 
might be that the reason for the failure of philosophy to as¬ 
sure man something more of that place in the universe which 
he once so confidently assumed is due to an inability to re¬ 
think a correct philosophy of man in the medium of this altered 
terminology. It might be that under cover of this change of 
ideas modern philosophy had accepted uncritically certain im¬ 
portant presuppositions, either in the form of meanings carried 
by these new terms or in the form of doctrines about man 
and his knowledge subtly insinuated with them—presupposl- 
^dions which by their own nature negatived a successful attempt 
to reanalyse, through their means, man’s true rdation to his 
—environing world. 

During the last generation these ideas of science have been 
ii^ubjected to vigorous analysis and criticism by a group of keen 
thinkers, who have asked themselves what modifications in 
the traditional conceptions would be demanded if we sought to 
overhaul them in the light of a broader and more consistently 
interpreted experience. At present this critical investigation 
has culminated in a rather extensive transformation of the 
major concepts of scientific thinking , furthsed on the one 
jltind by radical physical hypotheses of a gifted student of 
nature like Einstein, and on the other by the attempted re¬ 
shaping of scientific methods and points of view by philoso- 
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phen of scienw such as Whitehead, Broad, Cassirer * These 
are the most timely and important happenings in the world of 
scientific philosophy at the present moment. They are coni- 
pdling people to ask more fundamental questions than ha^t 
been asked for generations. They are prodding scientists into 
an ^emely healthy state of scepticism about many of the 
traditional foundations of their thinking. But the kind of work 
which these pioneers of thought are eager to see done is onlv 
a part of the job that really needs to be done. And that iob 
m Its entirety camot be done merely by confining one’s interest 
to the secunng of a consistent conception of method in physical 
roiffice, nor by a careful analysis of the categories of physios 
M they reveal their meaning to us in the present era of scienJfl 

S ^ Whitehead 

® magnificent historical perspective, 
ut to forget, in the very laboriousness of the effort the^ 
Eri T influence of the movement studied on cosmological ‘ 
tt^g mong modem intelligent folk generally. To fofiow 

£ of tte past 

r granted which needs just as vigorous prying-into as the 

bemTE^w™—' inquiring attention has 

T “ terms 

of mhented notions which ought themselves to form part of a 

toger problem. The continued uncritical use in the^writings 

r n j » Pnnciple of Relqtivity, Cambridge. 1923 - 

Ihefleld the works of Minkowski, Weyl, Robb, Ed™^. ™ 

' ^sno longer applies to Whit^ead. (Revised Edition.) 
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cfaological postulates taken for granted, as, for example, the 
distinction between sensation and act of sensing, are a few 
illustrations of what is meant. Our questions must go deeper, 
‘ md bring into clear focus a more fundamental and more pop¬ 
ularly significant problem than any of these men are glimpsing. 
And the only way to come to grips with this wider problem 
and reach a position from which we can decide between such 
alternatives as the above is to follow critically the early use 
and development of these scientific terms in modem times, and 
especially to analyse them as presented in their first precise 
and, so to say, determinative formulation. Just how did it come 
about that men began to think about the universe in terms of 
>%toms of matter in space and time instead of the scholastic 
^ categories? Just when did teleological explanations, accounts 
' in terms of use and the Good, become definitely abandoned 
t^n favour of the notion that true explanations, of man and 
his mind as well as of other ihings, must be in terms of their 
simplest parts? What was happening between the years 1500 
and 1700 to accomplish this revolution? And then, what ul¬ 
timate metaphysical implications were carried over into gen¬ 
eral philosophy in the course of the transformation? Who 
stated these implications in the form which gave them currency 
and conviction? How did they lead men to imdertake such 
inquiries as that of modem ^istemology? What ^ects did 
they have upon the intelligent modem man’s ideas about his 
iWorld? 

When we begin to break up our puzde into specific ques- 
‘tifihs like these we realize that what we are proposing is a 
rather neglected type of historical inquiry, that is, an analysis 
m the philosophy of early modem science, and in particular 
of the metaphysics of Sir Isaac Newton. Not that much of 
this has not been written; indeed Professor Cassirer himself 
has done work on modem epistemology which will long re¬ 
main a monumental achievement in its field. But a much more 
radical historical analysis needs to be made. We must grasp the 
essential contrast between the whole modem world-view and 
ti^t of previous thought, and use that clearly conceived con¬ 
trast as a guiding due to pick out for criticism and evaluation, 
in the light of their historical development^ every one of our 
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significant modem presuppositions. An analysis of this scope 
aSto this purpose has nowhere appeared. Such consideration 
make it plain, also, why this arduous labour cannot be avoided, 
as some present-day thinkers fondly hope, by makmg a 1^^ i 
use in oui phUosophiaang of the categories of evolutionary biol¬ 
ogy. These categories have indeed tended to supplant, m dis¬ 
quisitions about living matter at least, much of the terminology 
of mechanical physics. But the whole magnificent movement of 
t nnHftm science is essentially of a piece; the later biological 
and sociological branches took over their basic postulates from 
the earlier victorious mechanics, especially the all-important 
postulate that valid explanations must always be in terms of 
aniaUj elementary units in regularly changing relations. To thri!, 
has likewise been added, in all but the rarest cases, toe posto- 
late that ultimate causality is to be found in toe motion of the 
physical atoms. So far as biology has its own peculiar meta-^ 
physical assumptions, they are as yet covered up in toe vague¬ 
ness of its major concepte, “environment,” “adaptation,” etc., 
and must be given time to reveal their specific nature. It is 
the creative period of modem science, then, in the seventeenth 
century chiefly, to which we must turn for the main answer to 
our problem. As for pre-Newtonian science, it is one md the 
same movement with pre-Newtonian philosophy, both in Eng¬ 
land and on toe continent; scimce was simply natural phi¬ 
losophy, and the influential figures of the periods were both the 
greatest scientists. It is largely due to Newton himself that ar 
real distinction came to be made between toe two; philosophy 
pump, to take sdence, in toe main, for granted, and another- 
way to put our central theme is, did not the problem to 
which philosophers now devoted themselves arise directly out 
of that uncritical acceptance? A brief summary of Newton s 
work will show that this is very possible. 

fjinrA his day, a two-fold importance has generally been 
ascribed to Newton. Popularly, he has profoundly affected the 
thinWng of the average intdligent man by his outstanding 
a cimrifip- exploits, of which toe most striking was his conquest 
of the heavens in the name of human science by identifying 
terrestrial gravitation with toe centripetal movements of the 
celestial bodies. Great as is the name of Newton to-day, it is 
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difScult for us to picture the adoration with which he was 
regarded all over Europe in the eigjiteenth century. It seemed 
to men, if we are to trust the vdluminous literature of the 
&e, that such achievements as the discovery of the laws of 
motion and the law of universal gravitation, represented an 
incomparable, uniquely important victory of mind, which it 
could fall to the lot of only one man throu^out all time to 
realize-and Newton had been that man. Henry Pemberton, 
who edited the third edition of the Principia for Newton, and 
who wrote one of the numerous commentaries on it, declared 
that . ■ my admiration at the surprising inventions of this 
great man, carries me to conceive of him as a person, who 

only must raise the glory of the country which gave hun 
^ birth but that he has even done honour to human nature, 
by having extended the greatest and most noble of om tol- 
reason, to subjects which, till he attempted them, 

' appeared to be wholly beyond the reach of our lirnited 
capacities.”® The admiration of other scientific "“inds^ ‘S 
represented by Locke’s designation of himself, beside the in¬ 
comparable Mr. Newton, an under-labourer, ^ 

clearing the ground and removing some of the rubbish that 
lies in the way to knowledge”;^ or by the famous tribute 
of Laplace who remarked that Newton was not only the great¬ 
est genius that ever had existed, but also the most fortunate, 
>asmuch as there is but one universe, and it can therefore 
' happen to but one man in the world’s history to be me in¬ 
terpreter of its laws. Literary men like Pope found expression 
for the prevailing veneration of the great scientist in such a 
■infamous couplet as: 

Nature and Nature’s laws lay hid in night’, 

God said, “Let Newton be,” and all was light.® 


View of Isaac Newton's Philosophy, London, 1728, Ded¬ 
ication to Sir Robert Walpole. 

'‘Essay Concerning Human Understanding, Epistle to the 
, Jieader. 

8 Epitaph, intended for Newton’s tomb in Westminster 
Abbey, Poetical Works, Glasgow, 1785, vol. II, p. 342, 
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while the new authoritarianism that developed under Newton’s 
name, attacked so violently by Berkeley in his Defence of 
Free Thinking in Mathematics, was still deplored twenty 
years later by eager inquirers such as George Horne; 

The prejudice for Sir Isaac has been so great, that it has 
destroyed the intent of his undertaking, and his books have 
been a means of hindering that knowledge they were in¬ 
tended to promote. It is a notion every child imbibes al¬ 
most with his mother's milk, that Sir Isaac Newton has 
carried philosophy to the highest pitch it is capable of being 
carried, and established a system of physics upon the solid 
basis of mathematical demonstration.* 3 

Such representative quotations disclose the creation, under 
Newton’s leadership, of a new background in the minds of 
Europe’s intelligentsia such that all problems must have been 
viewed afresh because they were seen against it. 

A student of the history of physical science will assign to 
Nevirton a further importance which the average man can 
hardly appreciate. He will see in the English genius a leading 
figure in the invention of certain scientific tools necessary for 
fruitful further development such as the infinitesimal calculus. 
He will find in him the first clear statement of that union of 
the experimental and mathematical methods which has been 
exemplified in all subsequent discoveries of exact science. He 
will note the separation in Newton of positive scientific in¬ 
quiries from questions of ultimate causation. Most important, 
perhaps, from the point of view of the exact scientist, Newtoh' 
was the man who took vague terms like force and mass and 
gave them a precise meaning as quantitative continua, so that 
by their use the major phenomena of physics became ame¬ 
nable to mathematical treatment. It is because of these 
remarkable scientific performances that the history of math¬ 
ematics and mechanics for a hundred years subsequent to 
Newton appears primarily as a period devoted to the assimila¬ 
tion of his work and the application of his laws to more varied 

® A Fair, Candid, and Impartial State of the Case between Sir 
Isaac Newton and Mr. Hutchinson, Oxford, 1753, p. 72. 
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types of phenomena. So far as objects were masses, moving 
in space and time under the impress of forces as he had de- 
j^ed them, their behavior was now, as a result of his labours, 

' i&y explicable in terms of exact mathematics. 

It may be, however, that Newton is an exceedingjly im¬ 
portant figure for still a third reason. He not only found a 
precise mathematical use for concepts like force, mass, inertia; 
he gave new meanings to the old terms space, time, and motion, .| 
which had hitherto been unimportant but were now becoming 1 
the fundamental categories of men's thinking. In his treat¬ 
ment of such ultimate concepts, together with his doctrine of 
primary and secondary qualities, his notion of the nature of 
the physical universe and of its relation to human knowledge 
(in all of which he carried to a more influential position a 
movement already well advanced)—in a word, in his decisive 
tportrayal of the ultimate postulates of the new science and 
its successful method as they appeared to him, Newton was 
constituting himself a philosopher rather than a scientist as we 
now distinguish them. He was presenting a metaphysical 
groundwork for the mathematical march of mind which 
in him had achieved its most notable victories. Imbedded 


directly'•and prominently in the Principia, Newton’s most 
widely studied work, these metaphysical notions were earned 
wherever his scientific Influence penetrated, and borrowed a 
^KMsibly unjustified certainty from the dear demonstrability of 
the gravitational theorems to which they are appended as 
-Scholia. Newton was unrivalled as a scientist—it may appear 
that he is not above criticism as a metaphysician. He tried 
Scrupulously, at least in his experimental work, to avoid meta¬ 
physics. He disliked hypotheses, by which he meant explana¬ 
tory propositions which were not immediately deduced from 
phenomena. At the same time, following his iUustrious pred¬ 
ecessors, he does give or assume definite answers to such funda¬ 
mental quesUons as the nature of space, time, and matter; the 
relations of man with the objects of his knowledge; and it is 
jiiit such answers that constitute metaphysics. The fact that 
his treatment of these great themes—borne as it was over the 
educated world by the weight of his scientific prestige—was 
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covered over by this cloak of positivism, may have become 
itself a danger. It may have helped not a little to insinuate a 
set of uncritically accepted ideas about the world ^ 
common intdlectual background of the modem man. What 
Newton did not distinguish, others were not apt carefully to 
analyse. The actual achievements of the new science were un¬ 
deniable; furthermore, the old set of categories, involving, as 
it appeared, the now discredited medievd physics, was no 
Inngfir an alternative to any competent thinker. In these cir¬ 
cumstances it is easy to understand how modem philosophy 
might have been led into certain puzzles which were due to 
the unchallenged presence of these new categories and presup^ 

positions. i 

Now a penetrating study of post-Newtonian philosophy 
qmckly reveals the fact that they were philosophiziiig quite 4, 
definitely in the light of his achievements, and with his meta¬ 
physics especially in mind. At the time of his death Leibniz 
was engaged in a heated debate on the nature of time and 
space with Newton’s theological champion, Samuel Clarke. 
Berkeley’s Commonplace Book and Principles, still more his 
lesser works such as The Analyst, A Defence of Free Thinking 
in Mathematics, and De Motu, show clearly enough whom he 
conceived to be his deadly foe.^® Hume’s Enquiry Concern¬ 
ing Human Understanding and Enquiry Concerning the Prltir^ 
ciples of Morals contain frequent references to Newton. The 
French Fncyclopsedists and materialists of the middle of thq^ 
eighteenth century felt themselves one and all to be more 
consistent Newtonians than Newton himself. In his early years 
Kant was an eager student of Newton, and his first works^^ 
aim mainly , at a synthesis of continental philosophy and New- 

i®The fullest edition of Berkeley’s Works is that of A. C. 
Fraser, Oxfo^, 1871,4 vols. 

^^See especially his Thoughts on the True Estimation of 
Living Forces, 1746; General Physiogony and Theory of tjgp 
Heavens, 1755; Monadologia Physica, 1756; and Inquiry into 
the Evidence of the Principles of Natural Theology ana 
Morals, 1764; in any edition of his works. 
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tonian science. Hegel wroteia an extended and trenchant 
criticism of Newton. Of course, these men do not accept New- 
^ as gospel truth-they all criticize some of his conceptions, 
Specially force and space-but none of Iheni subjects the 
whole system of categories which had come to its clearest ex¬ 
pression in the great Princlpla to a critical analysis. It may be 
that their failure to construct a convincmg and encouraging 
philosophy of man is due in large part to this untested re¬ 
mainder. It may be that many of the terms and assumptions in 
which their thinking proceeded were in their unanalysed form 
essentially refractory to any such brilliant achievement. 

The only way to bring this issue to the bar of truth is to 
'plunge into the philosophy of early modern science, locating its 
, key assumptions as they appear, and following them out to 
their classic formulation in the metaphysical paragraphs of Sir 
3>Isaac Newton. The present is a brief historical study wmch 
aims to meet this need. The analysis wfll be sufflcienliy det^ed 
to aUow our characters to do much speaking for themselves, 
and to lay bare as explicitly as possible the real interests and 
methods revealed in their work. At its close the reader wih 
understand more clearly the nature of modern thmbng and 
judge more accurately the validity of the contemporary scien¬ 
tific world-view. . .. 

Let us start our inquiry with certain questions sug^sted 
by the work of the first great modem astronomer and toe 
•'founder of a new system of the celestial orbs, Nicholas 

pemicus. 


M Hegel, Phenomenology of Mmd (B^ie 
*#1910, Vol. I, pp. 124, fi.. 233, ff.; Philosophy of Nature, 
^passim; and History of Philosophy (Haldane trans.), Vol. 
m,322,fl. 



CHAPTER n. COPERNICUS AND KEPLER 


A. The Problem of the New Astronomy 


Why did Copernicus and Kepler, in advance of any empiri¬ 
cal f-ftnflf fnatinn of the new hypothesis that the earth is a 
planet revolving on its axis and circling round the sun, while 
the fixed stars remain at rest, believe it to be a true picture^ 
of the astronomical universe? This is historically the most con¬ 
venient question with which to open our attack. 

By way of preparing an answer to this question let us ask 
another, namely what ground a sane, representative thinker, ^ 
contemporary to Copernicus, would have for rejecting this new 
hypothesis as a piece of rash and quite unjustified apriorism? 
We are so accustomed to think of the opposition to the great 
astronomer as being founded primarily on theological consid¬ 
erations (which was, of course, largely true at the time) that 
we ate apt to forget the solid scientific objections that could 
have been, and were, urged against it. 

First of all, there were no known celestial phenomena which 
were not accounted for by the Ptolemaic memod with as great 
accuracy as could be expected without more modern instru-- 
ments. Predictions of astronomical events were made which 
varied no more from the actual occurrence than did predic-*^ 
tions made by a Copetnican. And in astronomy, as elsewhere, 
possession is nine-tenths of the law. No sensible thinker would 
have abandoned a hoary, time-tested theory of the universe in 
favour of a new-fangled scheme unless there were important 
advantages to be gained, and in this case there was distinctly 
no gain in accuracy. The motions of the heavenly bodies could 
be charted according to Ptolemy just as correctly as according 
to Copernicus. 

In the second place, the testimony of the senses appear)^ 
to be perfectly plain on the matter. It was before the days 
when one could actually see by the aid of a telescope the spots 
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on the sun, the phases of Venus, the rough surface of the moon 
. -could discover, in a word, fairly convincing proof that these 
^dies were made of essentially the same material as the earth, 
and could determine how vast their actual distances were. To 
the senses it must have appeared incontestable that the earth 
was a solid, immovable substance, while the light ether and 
the bits of starry flame at its not too distant limit floated easily 
around it day by day. The earth is to the senses the massive, 
stable thing; the heavens are by comparison, as revealed in 
every passing breeze and every Pokering fire, the tenuous, the 
unresisting, the mobile thing. 

In the third place, there had been built up on the basis of 
"^s supposedly unshakeable testimony of the senses a natural 
philosophy of the universe which furnished a fairly complete 
^ and satisfactory background for man’s thinking. The four ele- 
pments of earth, water, air, fire, in their ascending scale not 
only as to actual spatial relations, but also in dignity and value, 
were the categories in which men’s thinking about the inani¬ 
mate realm had become accustomed to proceed. There was 
necessarily involved in this mode of thinking the assumption 
that the heavenly bodies were more noble in quality and more 
mobile in fact than the earth, and when these prepossessions 
were added to the other fundamentals of the Aristotelian meta¬ 
physics, which brought this astronomical conception into gen¬ 
eral harmony with the totality of human experience to date, 
the suggestion of a widely different theory in astronomy would 
Jpevitably appear in the light of a contradiction of every im¬ 
portant item of knowledge man had gained about his world.' 
St Finally, there were certain specific objections to the new 
theory which in the state of astronomical observation and 
mechanical science reached at the time could not be satisfac¬ 
torily answered. Some of them, such as the assertion that a 
body projected vertically in the air must fall considerably to 
the west of its starting-point if the Copemican theory be cor¬ 
rect, had to wait for its refutation till Galileo laid the founda¬ 
tions of modem dynamics. Others, sui;;|^ as the, obia ation that 

stars oughtT^-iafeal an 
.annual paral lax. ^ueTolhe 186,000,QOO-mile difference in th e 
pbsitibn of the earthw^'sK moilBS^ were not answered^ 
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Bessel’s discovery of such a parallax in 1838. In.,g9P^cus’ 
day fte Don-aPDearancfi. tQ.th&»«enRes nt any stellar parSax 

ffiSnce so imnaepe,.that4t-«oiwyjiave ^ 

'all’"bnt'”a''few M ridiculously-Jncisdibie.’ Ahd 

these MeBBftwo“ittf-11frinany legitimate deductions from the 
new hypothesis which completely failed of empirical confirma¬ 
tion, 


In the light of these considerations it is safe to say that even 
had there been no rdigious scruples whatever against the 
Copemican astronomy, sensible men all over Europe, espe- 
caally the most empirically minded, would have pronounced it 
a wild appeal to accept the premature fruits of an uncontroUed’' 
imapnation, in preference to the solid inductions, built up;, 
gradu^y through the ages, of men’s confirmed sense experi- ' 
enoe. In the strong stress on empiricism, so characteristic of.- 
pesent-day philosophy, it is well to remind ourselves of this 
fact. Contemporary empiricists, had they Uved in the sixteenth 
cen^, would have been first to scoff out of court the new 
philosophy of the umverse. 


Why, m the face of such weighty facts, did Copernicus pro- < 
pound ae new theory as a true account of the relations be- ' 
tween the earih and the heavenly bodies? He must have been 
moved by strong reasons, and if we can locate them with 
pecision we shall have discovered the cornerstone and the ' 
foimdahon structure of the philosophy of modern physical*^ 
science. For to oppose to these profoundly serious objections i' 
he could plead only that his conception threw the facts of^' 
astronoy mto a simpler and more harmonious mathematical. 

some eighty epicycles H 
the Ptolemmc system, Copernicus was able to "save the ’ 
phenomena” with only thirty-four, all those which had been 
required by the assumption that the earth remained at rest 
being now eliminated. It was more harmonious, in that the 
major part of the planetary phenomena could now fairly weU 
be represented by a series of concentric circles around the sun, i 
om moon being the only irregular intruder. But what was tfS^ j 
mcre^ed simphcity and harmony against the sohd philosophi- 
^objecUons just advanced? ^ 
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In answering this question, let us describe briefly the relevant 
.circumstances in Copernicus’ intellectual environment, and 
thgir influence upon him in this critical step. The answer, we 
a* sliall discover, is to be fqimd principally in the following four 
features of that environment. 

First, of course, both ancient and medieval observers had 
noted that in many respects ^nature ap pearjdJlQJia.flayfiCped 
by the princi ple of simplidtyr^cl tS^'ISad recorded the sub- 
stanceoT^ir obsmvatiohs to this' effect in the form of pro¬ 
verbial axioms which had become currently accepted bits of 
man’s conception of the world. That falling bodies moved 
perpendicularly towards the earth, that light travelled in 
Haight lines, that projectiles did not vary from the direction 
^ which they were impdled, and countless other familiar facts 
'^of experience, had given rise to such common proverbs as: 
PNatura semper agit per vias brevissimas'’; “natura nihil faclt 
frustra”; "natura neque redundat in superfluis, neque deficit in 
necessariis.” This notion, that nature performs her duties in 
the most commodious fashion, without extra labour, would 
I have tended to decrease somewhat the repulsion which most 
minds must have felt at Copernicus; the cumbrous epicycles 
had been decreased in number, various irregularities in the 
Ptolemaic scheme were eliminated, and that was something to 
be expected if proverbs like these are true of nature, ^^en 
Copernicus, in Aejme of this principlB.of.Jiimplinityr aimcks 
CbUain rampl^ties in. the older view, . such as the equ Mts of 
Ptolemy and his 

jt^anetary mofions^; l ikewise wjig^ pTaiBpq ,,.lwi - o w n«avstem 
^lep resentkUe byjyqiifjapi^^ 

rightly expects to de crease somewhat ihe- pieiudiees 
^SnSi’ hls rCTolutionaiy TOwli cert ain to awa^ 

The new astmnomYlqtrnWa“’Tt?^^ PlnffTn J 

sertion that the c orrect point-j af..jafamnflew ia » mt « Bwnmff£wa sf 
not the earth^^^as. had bee n taken-for vranted hithBttn. bv: 
but a handilfl of an cient specn j g^pra. hilt thfi iflr°*^-Pti°ignifi‘i1it‘i^ 
th e mn. That sudh a tremendous shift in the point of reference 
'CdSobe legitimate was a suggestion quite beyond the grasp 

^Nicolai Coppernici de hypothesibus motuum caelestium a se 
constitutis Commentariolus, Fol. la. 
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of prople trained for centuries to think in terms of a hon 
centric philosophy and a geocentric physics. No one what 
ever could be expected even to entertain such a notion a hr 
tod years pnor to Copernicus, save an occasional astronom 
skilled in the lore of his science and able to realize that 
least there was some recompense in the form of greater sin 
plicity for considering the possibilities of a solar-centric svi 
tern. But certain things had happened during these hundre 
years that made it not quite so impossible to persuade peopl 
who could appreciate the advantages of a new point £ £ 
erence to give it some scope in their minds. The Renaissan. 
had happenej namely the shifting of man’s centre of inters 
m literature from the present to the golden age of antiM' 
^e^^erdal Revolution had begun, with its long voyaS 
SlTeS” • previously unknown continents £ 

champions of colomahsm were turning their attention frJ 

md ’“t«PP®'l “ntres of trade in Asi. 

and the Americas. The realm of man’s previous acquaintanci 
aeemed suddenly small and meagre; m£’s thoug^fa “ 
commg accmtomed to a widening horizon. The SSi w"s ck 

tMdity. The antipodes were found to be quite inhabited Ii 
seemed a possible coioUary that the centre of iCormS I 
the umverse was perhaps not even in Europe. FurthTto 
precedented religious upheaval of the times had contrihinsS' 

in S^dde£ th ® tendenciei 
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^ earth to the sun. That the way had already been paved to 
pSome extent for this most radical revolution is suggested by 
^the free speculations of such a thinker as Nicholas of Cusa, 
i*WjSb dared to teach that there is nothing at all without motion 
^|in the universe-the latter is infinite in all directions, possessing 
^ no centre-and that the earth travels its course in mnimnn with 
^|he other stars. That this widening of the horizon 

the age, with the suggestion of new centres of interest, was 
.h decisive factor in Copernicus’ personal development, the 
’ brief biographical sketch which he gives of binujplf in the De 
\Revolutionibus strongly suggests.® The argument used by 
I Copernicus and other defenders of jtotf’nSwcosEaofffapI^ like 
Wbertr^af-^lcteei^m^^w^ that objects 

.oh its surface wouldJjg^h^le^igJj^B^j^ if the earth 
were really in such a rapid motion—the a rgiimeifif ' tha t V athaf 
j^ould the supposed immense spheTe oif ’the fixed stars fly 
fasunder—implies that these men were already venturing to 
think of the heavenly bodies_ ^_homogimeous with the earth, 
to which the same principles of force anii ihbfibn apply. Loh- 
d5rffid-m ioai:;,BgebMri!l^^^^ tha: hBsacS'Sfm 

hence to the contrary it is to be conceived that the distant 
celratial bodies are like the earth. - - 


f(. Metaph3tsical Bearings of the 
^ Pre-Copemican Progress in Mathematics 

^Tlmdly, certain i c n pflr)gj | j tn the histories of/ ( 

. are Qf-vbaL-imporfanfil:, in tllifli So**-' 

significant are they for our study that we must pause upon 
them at somevdiat greater length. It is a commonplace to 
mathematicians that save for the last two centuries, during 
which higher algebra has to a considerable extent freed men’s 

®C^emicus, De Revolutionibus Calestium Orbium, Letter 
Path HI. Stray thinkers, of course, in the ancient 
w^d, si^_ as Anaxagoras, and the late medieval period, such 
as Da Vinci, had regarded the stars as homogeneous with the 
earth. 
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minds from dependence on spatial representations in theii 
mathematical thinking, geometry has always been the math 
ematical science par excellence. In it, as Kepler remarks,® tho 
certainly possible in exact mathematical reasoning is allietf af 
every step with visible extended images, hence many who are 
quite incompetent in abstract thinking readily master the geo¬ 
metrical method. In ancient times, as revealed by the Uterary 
works, as well as the special treatises in our possession, arith¬ 
metic devdoped in close dependence on geometry. Whenever 
Plato (as in the Meno) turns to mathematics for an illustration 
of some pet contention, his doctrine of reminiscence, for ex¬ 
ample, the proposition used is always one that can be presented 
geome&ically. The famous Pythagorean doctrine that tffl 
world IS ma& of numbers is apt to appear quite unintp.lUgtKip 
to mod^ till It is recognized that what they meant was ge^, 
metrical units, i.e., the sort of geometrical atomism that wai * 
^en over later by Plato in his Timeeus. They meant that the 
^timate dements of the cosmos were Umited portions of spact' 
Inasmuch as optics and mechanics were treated by the ancienti 
as branches of mathematics, it was customary also to thinil 

by ineans of spatial images in these sciences, and to represent I 
what was known of them geometrically, represenl|; 

Now when, in the later Middle Ages, there appeared 

^d mSioTw*^ of mathematical study, the same assumptions 
md methods were taken for granted, and enthusiastic expects- 

possibility of a fuller Lffi- 

®«con* eageriy) 
assumpuons and shared to the full this enthiSPaf 

R3£tSdai4S85S,a'vbl.s!^48!^ 

Roger Bacon and the State nf Robert St^e,^ 

tury (mSingerirndt?;^ Thirteenth 

Vol, 2, London, 1921). ^tory and Method of Science, 
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cording to my principles must not read me”'’; “Oh, students, 
study mathematics, and do not build without a foundation.” 
He made extensive experiments in mechanics, hydraulics, and 
p- optics, in all of which he takes it for granted that sound con¬ 
clusions are to be expressed mathematically and represented 
geometrically. During the next century, that marked by the 
^earance of Copernicus' epoch-making book, this geomet¬ 
ry method in mechanics and the other mathematico-physical 
sciences was assumed by all important thinkers. The iVova 
Scimza of Tartaglia, published in 1537, applies this method to 
certain problems of falling bodies and the maximum range of 
a projectile, while Stevinus (1548-1620) uses a deOuite scheme 
^Ibr the representation of forces, motions, and times by geo- 
^.metrical lines. 

' In view of these leading facts thus briefly summarized, it 
#ras natural that when in the fifteenth and sixteenth centuries 
a more extended use began to be made of algebraic symbols, 
mathematicians were able only very gradually to detach their 
thinking from continued dependence on geometrical represen¬ 
tation. Let us study with some care the way in which this 
algebraic development took place. The popular objects of 
mathematical inquiry in these centuries dealt primarily with 
the theory of equations, and in particular with methods for 
the reduction and solution of quadratic and cubic equations. 
Pacioli, for example (died about 1510), was mainly interested 
hi using the growing algebraic knowledge to investigate the 
properties of g^metrical figures. He dealt with such problems 
"as the following: The radius of an inscribed triangle is four 
^hes. The segments into which one side is divided by the 
point of context are six inches and eight inches. Find the other 
two sides.^ A modem student would solve this problem at 
once by the aid of a simple algebraic equation; Pacioli finds 
it possible to do it only by an elaborate geometrical construc¬ 
tion, using algebra merely to help tiim find the lengths of the 
various liues required. Similarly the solution of quadratic and 
cubic equations in the sixteenth century was always sought by 

•fB. 

® H. Hopstodc, Leonardo as Anatomist (Singer, Vol. 2). 

® Ball, Short Account, p. 211, ff. 
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the geometrical method. W. W. R. Ball gives an interestinf 
example of this cumbrous mode of reaching such results in 
Cardonus' solution of the cubic equation: qx = r? \J^e 

can readily appreciate what a tremendous advance wasin*^ 
store for modem algebra when it finally succeeded in freeing 
itself from the shackles of spatiality. the meantima, jiow- 
ever, the vast possibilities hid in the algebraic symbols were 
rapidly opening up, and mathematicians were becoming famil- 
iar with more complicated processes, though still dependent 
on the aid of geometrical representations of their work. By 
the time of Cardanus men were occupied with problems com¬ 
plex enough to involve frequent transformations, especially 
the reduction of complex to simple terms, without any nhan^ - 
of value. Put in the language of geometrical representation,!* 
this meant for such thinkers the reduction of complex to sim-^ 
pie figures, a resultant simple triangle or cirde being regarded 
as the equivalent of the more involved combination of figures 
which it replaced. This was often a rather complicated process, 
and varioM mechanical schemes were invented to aid the poor 
mathematician’s endeavours. Galileo published in 1597 a geo¬ 
metrical compass, which consists of a detailed set of rules for 
reducing irregular to regular figures, and a combination of 
regular figures to a single one, with applications to such par-^ 
Ocular problems as extracting the square root, finding mean* 
proportional, and the like. This geometrical reduction, so 
maracteristic of mathematics in the sixteenth century, is fuilS 
damental for our understanding of Copernicus. It is an essential 

factorinhisdoctrineof the relativity of motion. 

Finally, throughout the ancient and medieval period to the 
time of Galileo, M^omy was considered a branch of math- 
matics, i.e., of geometr^t was the geometry of the heavens, i 
Our current conception of mathemfe as an'ideal'science, of 
gMmetiy in particular as dealing with an ideal space, rather 
than the actual space in which the universe is set, was a 
notion quite unformulated before Hobbes, and not taken se- 

eighteenth century, though it ^ 
dimly felt after by a few Aristotelian opponents of Copernicus. ’ 

^/iW.,p.224,fiE. 
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The space of geometry appears to have been the space of the 
real universe to all ancient and medieval thinkers who give 
any clear clue to their notion of the matter. In the case of the 
l^^agoieans and Platonists the identity of the two was an 
important metaphysical doctrine; in the case of other schools 
the same assumption seems to have been made, only its bear¬ 
ings were not thought out along cosmological lines. Euclid 
takes it for granted that physical space (x'^ptov) is Ifae realm 
of geometry®; later mathematicians use his terminology, and 
there is no clear indication anywhere in the available works 
that anybody thought differently. When some, like Aristotle, 
defined space in a quite different manner,® it is noticeable that 
6te definition is still such that the needs of geometers are fully 
met. The great issue among ancient astronomers was not on 
"this fundamental point of the identity of the field of geometry 
astronomical space, but on the question, whether a con¬ 
venient set of geometrical figures that "saved the astronomical 
phenomena" could be appropriately used in case they implied 
the rejection of a speculative theory of the physical stmctuie 
of the heavens.^® It is possible that in the case of some who 
gave an affirmative answer to this question a vigorous touch of 
positivism had led to suspicion of all metaphysical assumptions 
about the matter, so that in their minds the relation of the 
world of geometry to that of astronomy was hardly more than 
methodological. Ptolemy, for example, in the first chapter of 
the Almagest, rejects the attempt to interpret the phenomena 
of astronomy physically (i.e., metaphysically), but it is not cer- 

® Euclid, Elements, Book I, Axioms 8 and 10, also Prop. IV; 
tfook M, Prop, ni, Vn; arid especially Book XII, Prop. II. 
Sir Robert Heath, in his edition of the first book in Qreek, 

' doubts the genuineness of the second and third passages. If 
interpolations, however, they date from ancient times, and so 
far as I know no question has been raised about the other uses 
of the word in Euclid. 

®The boundary of the enclosing body on the side of the en¬ 
closed. Phys. tv. 4. TilTros is Aristotle’s word. 

a most interesting treatment of this whole matter in 
P. Duhem Essai sur la notion de thiorie physique de Platon d 
GaliUe, Paris, 1908. 
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tain whether this is mainly to brush aside those who would 
shackle his free geometrical procedure by speculations about 
homocentiic spheres and the like, or whether it actually un- 
plied abstention from all assumptions about the ultimate "Ha-if 
ture of the astronomical realm, Certainly in the ancient world 
few were capable of such a degree of positivism as this implies, 
especially as to the senses the heavens appear to express the 
realm of geometry in its puiest form. sun and njoon.aefm 
P^^I.^SL^ ir c to ' Sj -thfi.jtartl,.. but 4-Uminous poin{s"In pure spacsi 
To be sure, they were held to be physical bodiw of some sort, 
and so possessed more than geometrical characteristics, biit 
there was no way of investigating such, hence it must have 
been easy to raise no questions which would imply any diffejl 
ence between the realm of geometry and astronomical snya 
In fact, we know that, by many, astronomy was regarded!^ 
closer to the geometrical ideal of pure mathematics than arith, 
metic. Typical lists of the mathematical sciences oifered by 
Atfarabi and Roger Bacon place them in the order: geometry 
astronomy, arithmetic, music. Of course, this was in part duef, 
to the higher dignity ascribed to the heavenly bodies and thei' 
fact that the main uses of arithmetic were commercial. Bui 
not wholly. Astronomy, more than arithmetic, was like geom¬ 
etry. It was nothing essentially but the geometry of thei 
heavens; men readily felt, therefore, that whatever was true in' 
geometry must be necessarily and fuUy true of astronomy. 

n, now, Mtronomy is but a branch of geometry, and if tht 
fransformation and reduction of algebraic equations is “uni- 
foniuy pursued by the geometrical method detailed above la& 
dicatmg that such are still felt to be essentially geometriej 
problem, *all we have to wait long for a thinker to appew 
who ^ raise the question, why is not such reduction possible 
to ashonomy? l^aitro ngmy is mathe matics it must partake of 

valu^ represented! 

the heavens inust be purely relative, and i| 

^ ^ truth is concerned what point be 

of,reference for the. whole spatial systemi 

by Ptoleiny hiinself; against the champions of this or that cos- ^ 
mology of the heavens he had dared to claim that it is legiti 
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mate to interpret the facts of astronomy by the sim piRij f geo- 
metrical scheme which will “save the ph e no mena,” no matter 
whose metaphysics mi^t be upset.^^ His conception of the 
^ physical structure of the earth, however, prevented him from 
carrying through in earnest this principle of relativity, as his 
objections to the hypothesis that the earth moves amply 
show.^^ Copernicus was the first astronomer to carry it 
through in earnest, with full appreciation of its revolutionary 
implications. 

Let us understand briefly wh^ this prineiptoj lmathfliaatir al 
rdathrity in astrono my metu is. What asfa qpQfierH 
r 'Set of'P^julaily cadging rdations between their point of 
(Observation anTtheTieaVMfiv"'^dies7^'1^'p"'^^ 
sfrong su^stion.Jt 9 . .ttig..CftOteaL!ffi ey naturally^ e. their 
^oiht dl observation as the |)oint of refer ence jn the 
^d soon discOV^g, in lie very infm® of, astrpnpngy,, tl)Rt 
the earth must be a globe, it becomes the terra in the 
charting of the celestial motions, it is the io^QVa^jii, C^tre 
to which all else is referred. Ac^g on this assumption, and 
8^wi*ed^jy><dHhB~TO menSo ned earlier in the 

chapter, astronomers woidd Java-to .■'e]i!i^s«»peometrieally 
.this 8}^tm gf .chaagii!g. zdetjons .substanli^^ as Ptolemy did; 
his scheme of deferents and epicycles, excentiics, equants, wd 
the re st , c onstitu t e about as simple a repr esoit ation of the 
facts as is gossihjte^ff ^t t ilft-aM umption- ^at Copernicus dish 
^oivered was tiiat exactly the same results could be attained by 
a mathematical reduction of Ptolemy’s highly complex geom- 
"Stry of the planets. Let us take an illustration, oversimple as 
^ar as any actual fact about the cdestial motions is con¬ 
cerned, but which win illustrate the point. From E as point 
of re ference we observe, the motion of ,a,heavenly body-D such 
AaTTwhen it is opposite another body S,.say at G, it appears... 
v ery inu chjarggr titan w hen it is on the othey side of itsipiljit, 
arTrlVe _can represent such j^imgtion by a combination, .of 

In his Mathematical Composition, Book 13, Ch. 2. 

*^or example, “if there were motion, it would be propor¬ 
tional to the great mass of the earth and would leave behind 
animals and objects thrown into the air.” 
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Jwo.>c3iq1^^,APCi y i^th-E as centre, and ABD, which has,ite 
centre on the circumf^ence of the fonner. Let us suppose 
■ESSH^'ffiew ^dM revolve as indicated hy the arrov^ 
a firtV'pgvnlilitinp pf . j^eipg; nnmplefeH in the same timS : 

The point D on the circle .ABD then,„ trace out a. patii ■ 

D ^yZffiB cb. jf-the adil tmd -relocities -he -properly choijen, 
wi ll correspond fairly well w ith the observed facts. But it ii 


some pokt of ,th? 

^ centre.ot the resulting .circular path 


ttatlSe rai^ dn tint napfltft locatog that point at the^ehtre 
gO.^Si ^ose furtherm ore"ffiaC encouraged by this simplifies^ 
tio n of me charted motRH^~we~poiB "1hat certain irregularities | 
i n_the nK>tion_ f»£-lfae~idaofit which we had been able te ** 
represent odyjjy^additionalxircles, romplete thems^^ in ex- 
acUy ffie same jtime jsjgie-hod^ S completes .an-important 
am SmyanaB on m its aHRarent motion around E. We regard 
jLas-at-resLj ^ bofli our point of le toence E and /Bie planet 
P revolvbe around h, and lo. theJrrepularitim in the..,planet 
and the a nnual variation in the motion of S cancel ea^ qthffl. 

in ip1ai;e-CTf,...B a vstem aroun d E as point of jsfeDEfliee.L . 
which had already begun to be inv nfv^ and cumbrous^ wef 
have a simple system of two circular motions around S. This I 
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is exactly the way in which Copernicus thou^t out the new 
astronomy. As a rrault„of , 

been demanded by the assumption that E is to be maintained 
pomrorfeffefmc d rather than ?ji w^r^ ehtplnatad. Math- 
ematically/th'efe is no question as to which is true. As far as 
astronomy is mathematics, both are true, because both rep¬ 
resent the facts, but one is simpler and more harmonious than 
the other. 

The particular event which led Copernicus to consider a 
new point of reference in astronomy was his discovery that the 
ancients had disagreed about the matter. Ptolemy’s system had 
not been the only theory advanced.^^ 

When, therefore, I had long considered this uncertainty of 
traditional mathematics, it began to weary me that no more 
definite explanation of the movement of the world-machine 
established in our behalf by the best and most systematic 
builder of all, existed among the philosophers who had stud¬ 
ied so exactly in other respects the minutest details ih regard 
to the sphere. Wherefore I took upon mysdf the task of re¬ 
reading the books of all the philosophers which I could 
obtain, to seek out whether any one had ever conjectured 
that the motions of the spheres of the universe were other 
than they supposed who taught mathematics in the schools. 


When from this, therefore, I had conceived its possibility, ° 
^ I myself also began to meditate upon the mobility of the 
earth. And although the opinion seemed absurd, yet because 
1 knew the liberty had been accorded to others before me 
of imagining whatsoever circles they pleased to explain the 
phenomena of the stars, 1 thought 1 also might readily be 
allowed to experiment whether, by supposing the earth to 
have some motion, stronger demonstrations than those of 
the others could be found as to the revolution of the celestial 
sphere. 

“ Copernicus, De Revolutionibus, Letter to Pope Paul in. 


And I found first, that, according to Cicero, Nicetas had 
t hought the earth was moved . T hen latCT I discoy g^ ac- 
COTflmg to flutarcn. that certain oth^ the same 



50 


t. (h. 

long observation that if and 

added S to ^dl“? ““r »ll»r pl».i 
the revolution of that planeL nnt calculated as ftr, 

others foUowed from^this.^bu? 1 °^^ Phenomena of the ‘ 
both the order Xa^tu^ of^the 
spheres and the heaven itself tha* • * ? 
one thing be alS wi S P^rt could 

parts and in aU 

coa™ of a* wd,U h.,. (ellowTSl/^ ia d» 

after dSbtog'blSSS'rtS;""^® “*>l 

for their inability to get a conoie* ancient astronomers 

to si»„,d s.rsi"rn“' “»"“’“n 

he proceeds; ^ stuiate of uniform velocilyW * 

<.“™r etScJS/LtSd*^ r=‘“»^ 

noted these things I oft “ - ^ben I had 

rational systerS c£ a more ' 

all the apparent diversitv discovered, on which 

ner that each of “ such a man- 

the principle of absolve ' 

Jem obviouslv difficuli nn,i i v'”®- Attacking a prob -1 
cato™, “““ft"”"", -fti* «n 

xn/~s= i-:j 

“ Commmtariolus, Fol. la, b, 2a. 
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move? He simply included the earth in the question which 
Ptolemy had asked with reference to the celestial bodies 
^one; what motions should we attribute to the earth in order to 
uhtain the simplest and most harmonious geometry of the 
heavens that will accord with the facts? That Copernicus was 
able to put the question in diis form is ample proof of the 
continuity of his thought with the mathematical developments 
just recounted, and this is why he constantly appealed to math¬ 
ematicians as those alone able to judge the new theory fairly. 
He was quite confident that they, at least, would appreciate 
and accept his view. 

^ Nor do I doubt that skilled and scholarly mathematicians 
will agree with me if, what philosophy requires from the 
beginning, they will examine and judge, not casually but 
deeply, what I have gathered together in this book to prove 
these things. “Mathematics is written for mathematicians, to 
whom these my labours, if I am not mistaken, will appear 
to contribute something. . . “What ... I may have 
achieved in this, I leave to the decision of your Holiness 
especially, and to all other learned mathematicians.'’ If per¬ 
chance there should be foolish speakers who, together with 
those ignorant of all mathematics, will take it upon them¬ 
selves to decide concerning these things, and because of 
some place in the Scriptures wickedly distorted to their pur- 
■ pose, should dare to assail this my work, they are of no 
importance to me, to such an extent do I despise their 
n- judgment as rash.^® 

^ And it is not surprising that for the sixty years that elapsed 
before Copernicus’ theory was confirmed in more empirical 
fashion, practically all those who ventured to stand with him 
were accomplished mathematicians, whose thinking was thor- 
ou^y in line with the mathematical advances of the day. 

“These quotations are all from his Letter to Pope Paul HI 
in the De Revolutionibus. Cf. also Bk. I, Chs. 7 and 10, . . 

. ..i. 
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^Pj^‘^atioiis of Copernicus’ 
Step-Revival of PythagoreSS 

forefroat of discussion, h it Ifoitir^ * brmg it to the 

of reference in astronomy thmthT^artS 
were themselves subjecJ to aU who 

Copernicus’ mind. woS. so t ““ « 

But of course the whole Ari«fAfAi* yea* 

of the age rose up and said no For tte philosophy 

deep, It meant not only is the question went pretty ' 

tally geometrical, which alme«f °®™ical realm fundamen- 
the universe as a Zl "^ZiTJ 
mathematical in its structure? Just ^‘^\f<*ndamentany 

point of reference gives a stenw “““® “f the j 

the fwts. is it legitimate to Ze expression for | 

overthrow the whole AristotS^ « to I 

many mathematicians and cosmology. Even f 

to follow the tenScieT^f wSL^ 

emrent of their gener^^Lw ®*treme; the ' 

foUow Ptolemy rS^Slf “‘’‘her bed. To 

cumbrous aystaliine spheiL^o *“ ^e- 

more radical step, it meant to rej£ » f" 

eepton of the uniyeme. ThatXeiJf Prevailing con-, 
ojem were able to answer Ss^ST ““t® 

fident aflannative suggests alo^ with a con- ^ 

^peinicus’ envlromSit it sn^ ““tributory feature of 

“hids of 


^ ^e at least ihr;i^ if^tegr many mlT* of 
ft Oldtter of fnH- # 1 * 

Sround, All students of alternative baefe 
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Greek philosophy was accomplished with the latter ia a pre¬ 
dominantly Platonic, or rather Neo-Platonic cast. Now the 
Pythagorean element in Neo-Platonism was very strong. All 
' Ibe important thinkers of the school liked to express their 
favourite doctrines of emanation and evolution in terms of the 
number theory, following Plato’s suggestion in the Parmenides 
that plurality unfolded itself from unity by a necessary math¬ 
ematical process. 

Now during this early period of medieval philosophy it is 
significant that the only original work of Plato in the hands of 
philosophers was the Timeem, which presents Plato more in 
the light of a Pythagorean than any other dialogue. It was 
’‘largely because of this curious circumstance that the first re- 
. torn to a serious study of nature, under Pope Oerbert and his 
disciple Fulbert about 1000, was imdeitaken as a Platonic ven- 
j ture. Plato appeared to be the philosopher of nature; Aristotle, 
who was known only through his logic, seemed like a barren 
dialectician. It was no accident that Oerbert was an accom¬ 
plished mathematician, and that William of Conches, a later 
member of the school, stressed a geometrical atomism which 
he had drawn from the Timaus, 

When Aristotle captured medieval thought in the thirteenth 
century, Neo-Platonism was not by any means routed, but re¬ 
mained as a somewhat suppressed but still widely influential 
metaphysical current, to which dissenters from the orthodox 
’^Peripateticism were accustomed to appeal. Itae interest in 
mathematics evidenced by such freethinkeirB as Roger Bacon, 
Leonardo, Nicholas of Cusa, Bruno, and others, together with 
their insistence on its importance, was in large part supported 
by the existence and pervading influence of this Pythagorean 
stream. Nicholas of Cusa found in the theory of numbers the 
essential element in the philosophy of Plato. The world is an 
infinite harmony, in which all things have their mathematical 
proportions.^^ Hence “knowledge is always measurement,” 
“number is the first model of thinp in the mind of the Ccea- 
in a word, all certain knowledge that is possible for man 

^''R. Eucken, Nicholas von Kuss (PhSosophische Monat- 
shefte, 1882). 
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must be mathematical knowledge ttio 
strongly in Bruno, though in him even 
mystico-transcendental aspect of the niimhp ^ 

be uppermost. ^ *“>7 was apt 

^ “ “““tt «.■ 

Iwfow dKy weM Indepaident enw^toh**”^^ 

With ancient traditions, there was 

in Southern Europe. strong revival of Platonism 

under the patronage of the f^ded in Florence 

to scholarchs such names as^e^“!S« boasting as 

Picmus, and Patriazi. In this PlatoniT^^ ? Marsflius 

Pythagorean element that assumed 

ing expression in the thoroueheofeo coming to strik-J 

tion of the world offered bfjoS> “terpreta- 

work of these thinkers peneLted^/ Mirandola. Tle^ 

portant centre of thou^TsoTof 

Umvetsity of Bologna, where their mn! the| 

stive was DominicTkaria d^No^ 

matics and astronomy. Novara wTn °f “athe-f 

teacher during the six years of his si P®“cus’ friend andf 

the important facts which we knn ™ and amongl 

because of some observations whS™ d 
enough with deductions from it 

he was thoroughly caught in this pi ! ™ ^ “Pecially because 
and felt that the whole cumbr^s ^^iatonic-Pythagorean current^ 

that the astronomical universe is Postulate, 

mony .18 ^ “ orderly mathematical ha^ 

somewhat submerged but stiU oervl ^ 

regarded a imivSal ^he latter 

(though, to be sCiusTSw 

yet solved); tbe ^Zc 7 “t 

ultimate constituents are nothing‘^rSit,7^®;““'- 

“.Dorothy Stimson TA, 

wcw Theory of the WcrSw p 
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^ace; as a whole it presents a simple, beautifu], geometrical 
h^ony. On the other hand the orthodox Aristotelian school 
^ ^umzed the importance of mathematics. Quantity was only 
one of the ten predicaments and not the most important 
Mathematics was assigned an intermediate dignity between 
iMtaphysics and physics. Nature was fundamentaUy qualita¬ 
tive as weU as quantitative; the key to the highest knowledge 
must, therefore, be logic rather than mathematics. With the 
ma.ftematical sciences aUoted this subordinate place in his 
philosophy, it could not but appear ridiculous to an Aristotelian 
for any one to suggest seriously that his whole view of nature 
be set aside in the interest of a simpler and more harmonious 
- geometacal astronomy. Whereas for a Platonist (especially as 
, Platonism was understood at the time) it would appear a most 
natural, though still radical step, involving as it did a homo- 
, geneity of substance throughout the whole visible ivMtnn. 
HoTCver, QflBSBatajs,could take the step because, in addition 
to the motive factors already discussed, he had definitely p Ta r pd 
^self in this dissenting Platonic movement. Already before 
he weiit to Italy in 1496 he had felt its appeal, and, while 
mere, he f^d ample reinforcement for his daring leap in 
the energetic Neo-Platonic environment south of the Alps, 
and particularly in his long and fruitful intercourse with a bold 
and imaginative Pythagorean like Novara. It was no accident 
that he became familiar with the remains of the early 
Pythagoreans, who almost alone among the anrianta had ven- 
to suggest a non-geocentric astronomy. His knowledge 
of Greek was first acquired while studying with Novara, per¬ 
haps with the explicit purpose of reading for himself the works 
of the P^a^ean astronomers. He^hjsHdlJJWOme^-^ 

true, Our earth was no cxception-it, too, was essentially geo¬ 
metacal in nature-therefore the principle of rdativity of 
mathematical values applied to man’s domain just as to any 
^toer part of the astronomical realm. Ihe transformation to 
e new world-view, for him, was nothing but a tnathaipa tical 
reduction, under the encouragement of the renewed Platonism 
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of the day, of a complex geometrical labyrinth into a beauti¬ 
fully simple andhansonious system. 

“We are taught all this [the motion of the earth on its axis 
and around the sun] by the order of succession, in which those 
phenomena (various planetary happenings) follow each other, 
and by the harmony of the world, if we will only, as the saying 
goes, look at the matter with both eyes.” « Note the sama 
strain in the quotations above. 



D. Kepler’s Early Acceptance of the New 
World-Scheme 

Now during the half-century after Copernicus, no one was 
bold enough to champion his theory save a few eminent mathe¬ 
maticians like Rheticus and a few incorrigible intellectual 
radicals like Bruno. In the late eighties and early nineties, how¬ 
ever, certain corollaries of Copemicns’ work were seized upon 
by the youthful Kepler, then in his student days, and they 
form a helpful transition from the first great modem astrono¬ 
mer to the second. Copernicus had himself noted the greater 
importance and dignity which seemed to be attributed to the 
sun in the new world-scheme, and had been eager to find 
mystical as well as scientific justification for it. One passage is 
worth quoting by way of illustration. “Then in the middle of • 
all stmds the sun. For who, in our most beautiful temple, could 
set this light in another or better place, than that from which' 
It can at once illuminate the whole? Not to speak of the fact 
that not unfittingly do some call it the light of the world,' 
others the soul, still others the governor. TVemigistus calls it 
the visible God; Sophodes’ Electra. the AU-seer. And in fact 
does the sun, seated on his royal throne, guide his family of 
planets as they circle round him."“ Also Copernicus had 
formed a rudimentary conception of scientific hypothesis, ac¬ 
commodated to his new astronomical method. A true hypothe- 

“Z)eiievo/Mr/onifii«,Bk.I,Ch.9. ' 

“ De Revolutionibus, Bk. I, Ch. 10. 
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sis is one which binds together rationally for him mathe¬ 
matically) things which had before been held distinct; it reveals 
^e reason, in terms of that which unites them, why they are 
as they are. “We find then in this arrangement an admirable 
harmony of the world, and a dependable, harmonious inter¬ 
connexion of the motion and the size of the paths, such as 
otherwise cannot be discovered. For here the penetrating ob¬ 
server can note why the forward and the retrograde movement 
of Jupiter appears greater than that of Saturn, and smaller 
than that of Mars, and again greater with Venus than with 
Mercury; and why such retrogression appears oftener with 
Saturn than with Jupiter, less often with Mars and Venus than 
’ with Mercury. Moreover, why Saturn, Jupiter, and Mars, 

' when they rise in the evening, appear greater than when they 
F disappear and reappear [with the sun] . . . And all this results 
from the same cause, namely the motion of the earth." ^ 

These ideas were seized upon by the young Kepler, and they 
furnish in large part the motivation for his life-work. The 
specific reasons for his early adoption of the Copemican theory 
are in part obscure, but it is easy to show from his works that 
he felt vigorously all those general environmental influences 
that appealed so strongly to Copernicus. With him nature’s 
simplicity and unity was a commonplace.*® "Natura simptt- 
citatem amat” "Amat ilia unitatem,” "Numquam in ipsa 
quicquam otiosum aut superfluum exstitU.” “Natura semper 
quod potest per faciliora, non agit per ambages difficiles.” The 
advantages of Coperoicanism from this point of view were 
easily noted. Also the general broadening of men’s outlook, 
now reinforced by Copemicanism, bad become a powerful 
stimulus to every fertile and imaginative mind, and Kepler’s 
profound attainments in the science of mathematics could not 
but lead him to feel with full force all those considerations 
which had influenced the mind of his predecessor. His teacher 
of mathematics and astronomy at Tlibingen, Mastlin, who had 
been stron^y attracted by the greater order and harmony at- 

an adherent of the 


**Opera,1,112,ff. 


dainable in the Copemican scheme, was 
De Revolutionibus, Bk. I, Ch. 10. 
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new astronomy at heart, though he had so far expressed him- 
s^ only with the greatest caution. Kepler’s achievements in 
mathematics would alone have been sufficient to win for him 
enduring fame; he first enunciated clearly the principle of con- * 
tinuity in mathematics, treating the parabola as at once the 
limiting case of the ellipse and the hyperbola, and showing that 
parallel lines can be regarded as meeting at infinity; he in¬ 
troduced the word “focus” into geometry; while in his 
Stereometria Dclonim, published 1615, he applied the con¬ 
ception to the solution of certain volumes and areas by the 
use of infinitesimals, thus preparing the way for Desargues, 
Cavalieri, Barrow, and the developed calculus of Newton and 
Leibniz. The Neo-Platonic background, which furnished the 
metaphysical justification for much of this mathematical de¬ 
velopment (at least as regards its bearing on astronomy) 
awoke Kepler’s full conviction and sympathy. Especially did 
the aesthetic satisfactions gained by this conception of the 
universe as a simple, mathematical harmony, appeal vigor¬ 
ously to his artistic nature. “I certainly know that 1 owe it 
[the Copemican theory] this duty, that as I have attested it 
as true in my deepest soul, and as I contemplate its beauty 
with incredible and ravishing delight, I should also publicly de¬ 
fend it to my readers with all the force at my command.” 

These elements were mingled in his thought in varying de¬ 
gree, but the most potent single factor in his early enthusiasm 
for Copemicanism appears to be foxmd in its exaltation in 
dignity and importance of the sun. Founder of exact modem 
science though he was, Kepler combined with bis exacT 
methods and indeed found his motivation for them in certaia 
long discredited superstitions, including what it is not unfair 
to describe as sunworship. In 1593, at the age of twenty-two, 
he defended the new astronomy in a disputation at Tubingen, 
which performance as a whole is apparently lost, at least Dr. 
Frisch does not present it in his complete edition of Kepler’s 
works. However, there appears in Kepler’s miscellaneous re¬ 
mains a small fragment of a disputation on the motion of th^ 
earth, which from its highly bombastic style and other internal 

2“ Opera, VI, 116. Cf. also VIH, 693. 
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characteristics, may very likely be a portion of this adolescent 
effort. At any rate, the fragment is clearly a product of his 
^ly years, and the noteworthy fact about it is that the exalted 
' position of the sun in the new system appears as the main and 
sufficient reason for its adoption.’’* A few quotations will re¬ 
veal the tenor of this curious piece of exuberance. 

In the first place, lest perchance a blind man might deny 
it to you, of all the bodies in the universe the most excellent 
is the sun, whose whole essence is nothing else than the 
purest light, than which there is no greater star; which singly 
and alone is the producer, conserver, and warmer of all 
things', it is a fountain of light, rich in fruitful heat, most 
fair, limpid, and pure to the sight, the source of vision, 
portrayer of all colours, though himsdf empty of colour, 
called king of the planets for his motion, heart of the world 
for his power, its eye for his beauty, and which alone we 
should judge worthy of the Most High Ood, should he be 
pleased with a material domicile and choose a place in 
which to dwell with the blessed angels. . . . For if the Ger¬ 
mans elect him as Cssar who has most power in the whole 
empire, who would hesitate to confer the votes of the celes¬ 
tial motions on him who already has been administering all 
other movements and changes by the benefit of the light 
which is entirely his possession? . . . Since, therefore, it 
does not befit the first mover to be diffused throughout an 
orbit, but rather to proceed from one certain principle, and 
' as it were, point, no part of the world, and no star, accounts 
itself worthy of such a great honour; hence by the highest 
light we return to the sun, who alone appears, by virtue of 
his dignity and power, suited for this motive duty and worthy 
to become the home of God himself, not to say the first 
mover. 

fe his subsequently expressed reasons for accepting Coper- 

TlinaTiTani thjg eentrni pnclrinn nf Hn» mm ie almnyE inriiiitaiS, ~ 

usually first.®* This asciintion of deitv to the sun was covered 
M Opera, Vm. 266, e. 

Cf., for example, Opera, VI, 313. 
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over by Kepler with such mystical allegorization as was neces- 
sary to give it a hearing in the prevailing theological environ¬ 
ment, with especial reference to the doctrine of the Trinity , 
TOe sun, according to Kepler, is Ood the Father, the 
o:f_me fixed stars is God the Son^the intervening ethereal 


lu cuium, mrougn wtucn me. power of the sun is communjc^ d 
to impel the planets around their orbits, islhe Holy Gho^B 
To pronounce this allegorical trapping is not to suggest, of 
ojurse, that Kqiler's Cau-istian theology is at all insincere; it 
is rafter that he had discovered an illuminating natural proof 
and interpretation of it, and the whole attitude, with its ani¬ 
mism and allegorico-naturalistic approach, is quite typical of 
muA thinking of the day. Kepler’s contemporary Jacob^' 
Boe^e, is the most characteristic representative of this types 
of philosophy. “ 

niis aspect of his thought would have been, to say the least • 
somewhat at variance with the exact mathematical method in * 
astronomy, of which Kepler was also the firm champion, as 
revealed by his discovery, after long and arduous search such ( 
as would have completely discouraged afi but the most ardent 
splnts, of the three great laws of planetary motion. But the 
connexion between Kepler, the sun-worshipper, and Kepler, 
the seeker of exact mathematical knowledge of astronomical 

primarily by such considerations 
as the deMcation of the sun and its proper placing at the I 
^tre of the umverse that Kepler in the years of his adolescent^ 
fervour and warm imagination was induced to accept the nw ^ 
But, his mind immedi ately proceeded, and 
ma ftematica and nis Neo-Pythagorean ism come into iMav if ) 
fte sys^ IS true, th e re must be many other ma themgri 
hamonies in the celestial order that can be discovered 
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matics, and it was 


plunging into such profou 


Brahe, the greatest giant of_ observational astm nnmy 
Hipparchus, was completing his life-work of 


Opera,!, 11. 
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more extensive and incnmpara hly more precise set of dat^ than 
had been in the possession of any of his prede cessor s. Kepler 
had lomed Tvcho Brahe the v ?nr hpfnrp. ths latter’s 
F hid full.acce ss to his magnificent accumulations . It became 
the passion of bisHfe to penetrate and disclose, for the “fuller 
knowledge of God through nature and the glorification of his 
profession,’’these deeper harmonies, and the fact that he 
was not satisfied merely with mystical manipulation of num¬ 
bers, or aesthetic contemplation of geometrical fancies, we 
owe to his long training' in mathematics and astronomy, and 
in no small degree to the infiuence of the great lycho, who 
was*'the first competent mind in modem astronomy to feel 
•'ardently the passion for exact empirical facts, 

^ Thus Kepler joined with his speculative superstitions an 
' eagerness to find precise formulae confirmed in the data; 
^was the observed world about which he was philosophizing, 
hence “without proper experiments I conclude nothing,’’ 
hence also bis refusal to neglect variations between his de¬ 
ductions and the observations which would not have troubled 
the ancients. At one time he hAd a splendid theory of the 
planet Mars all ready to write off, but a discrepancy of eight 
minutes between certain of his conclusions and Tycho’s re¬ 
sults persuaded him to throw his labours overboard and begin 
anew. The difference between Kepler and fiie early philoso¬ 
phizers like Nicholas of Cusa'who bad taught that all knowl- 
^.^ge is ultimately mathematical and that all things were bound 
together by proportion, is that the later thinker insists on ex- 
"ftctly applying the theory to observed facts. Kepler’s thinking 
was genuinely empirical in the modem sense of the term. The 
Copemican revolution and the star-caMoguing of Tyc^o were 
necessary to furnish an important new mathematical theory to 
be developed and confirtned and a fuller, set pf data, in which, 
if at all, the confirmation must be found. It was by this 
method and for this purpose that Kepler reached his epoch- 
making discoveries of the famous thrra laws. These were not 
especially important to Kepler’s own mind; being only three 

^ Opera, Vm, 688. 

2® Opera, V, 224. Q. also 1,143. 
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^ interesting mathematical relations which » 
he pointed out. were established between the observed modoa 
if the Copeimcan hypothesis be true. The one of the th™ 
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ptt^u.^ec has remqinea entire!^ unfruitful-^ 
respondence is rough, and the discovery of new nlanets 

£, Tn ®*™‘asni which this achievement awoke Ini* 
mm. In a letter permed shortly after the discovery he ^te“ 

The inte^e pleasure I have received from this discovery 

^ no more the tS 

wasted, I t^d of no labour; I shunned no toil of reckonine 
sperit in calculation, until I could see wheS 

Copernicus 

r whether my ]oy was to vanish into air.®* fi 

*9 Oliver Lodge, Pioneers of Science, Ch. HI. 
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COPERNICUS AND KEPLER 

Kepler’s enunciatioa of his third law, In the Harmonices 
Mundi, 1619, is imbedded in a laborious attempt to determine 
the music of the spheres according to precise laws, and express « 
$ in our form of music notation."*’ These features of Kepler's 
work are commonly dismissed by puzzled historians of astron¬ 
omy as relics of medievalism, a procedure hardly fair to the 
int elligenc e of the Middle Ages, and quite over-favourable to 
Kepler. For our purpose, however, it is essential to note them. 
They are decidedly of a piece with his central aim, namely to 
establish more mathematical harmonies in the Copemican as- 
tmnomy quite irrespective of their fruitfulness for such further 
achievements as became the goal of later scientific labours. 

^ They grow directly out of his whole philosophy of the aim 
and procedure of science, and the new metaphysical doctrines 
which in rudimentary fashion he perceived to be implied in 
' the acceptance of Copemicanism and in the adoption of such 
an aim. 


E. First Formulation of the New Metaphysics—Caus¬ 
ality, Quantity, Primary and Secondary Qualities 

What are the fun dam ental features of Kepler's philosophy 
of scientific procedure? Let us work our way into them 
' through a fuller understanding of the point we have just 
-stressed. Kqiler was convinced that there must be many more 
mathematical harmonies discoverable in the world which will 
amply serve to confirm the truth of the Copemican system. 
The connexion of this conviction with his badrgiound in math¬ 
ematics and the Pythagorean metaphysics has already been 
noted. But he often speaks of his accomplishments as having 
shov/n the necessary and rationed ground of the new structure 
nf tha wnrid^ K-ha- ving penetrated to the mathematical con- 

,i'‘^Kepler did not suppose that the spheres emitt^ audiblg" 
f Sounih; their mathematical relations, however, changed in 
ways analogous to the development of a musical harmony and 
V similarly representable. ^ 



ffl nymber. "flaicj rationem numeri planetarum." T£®^ 
thT ^S ig _ ae c au se .of the coincideDc e^^ 

neSL.Mjjm,4God_2e5tea the world in aocnrrf«,;;n;;?fTT! 
t he pniiciBl sj >f B gfS£L S»™bers. henir aie m 7 then,.t{..i 

Opera, 1,239, flf. 

p. 4*0ll^*'^*** Brewster, Memoirs of Sir Isaac Newton, Vol, II, 

*® Opera, 1 , 113. Cf. also 1 , 106, ff. 

«* Opera, m, 156; 1,118. 











COPERNICUS AND KEPLER 


monies in the mind o f the creafnr fiimiah t he cause “vbTiv tha 
fi imEer. H ia size, nndlha morions of fhp. or ^ | >ifei are as ^hey 
are an d not otherwise.” Ca usality, to repeat, becomes rein- 
IT" fi ^ipp jicitv and harmoti^ 

Further, this conception of causality involves a correspond¬ 
ing transformation in the idea of scientific hypothesis. An ex¬ 
planatory hypothesis of observed effects being an attempt to 
e!q>res8 in simple form their uniform causes, a true hypothesis 
for Kepler must be a statement of the underlying mBthfiimitTVal 
harmony discoverable in the effects. Kepler includes an inter¬ 
esting treatment of astronomical hypotihesis in a letter written 
partly to refute Reimarus Ursus’ position on the same sub- 
ject.^^ K^ler's thought is, that of a number of variant hypoth¬ 
eses about the same facts, that one is true which shows why 
facts, which in the other hypotheses remain unrelated, are as 
they are, i.e., which demonstrates their orderly and rational 
mathematical connexion. To put it in his own summary: 
"Therefore, neither this nor that* supposition is worthy of the 
name of an astronomical hypothesis, but rather that which is 
implied in both aUke." To illustrate by his stock example, 
other theories of the heavens bad been forced to rest content 
with the simple statement that certain planetary epicycle 
oide in their time of completion with the time of the sun’s a 


. The Copemican hypothesis 


must be 


must be as they are. Su^ -facts imply, in other words, that in 


the scheme 


'makes up our solar system the sun is to be taken as at rest 


,88 A true h 


_ ... vcMBmMiliiiiiiiK 


armony w. 


And it is important to remember that this more inclusive math- 


88 Opera, 1,10. 

88 Opera, 1,238, ff. 
® Opera, 1,241. 

88 Cf. Opera, 1,113. 
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order Is somethinp rii^rnvprrri 

lUinr precisely stated in many passag“^^ oSi 

reSrpoT 

Now such a mathematico-assthetic conception of causaliO 

* ■»» n»..?b^crpS3 

rid, m fact, it is just these ideas that made Kenler an 
mpatifflt with certain weU-meaning Aristotelian friends who 
to » tol hi. own to Coptoto 
Mllieiiito.1 hjpotoo merely, not necesneilly ime of Ih 
real world. Such hypotheses as these, Kepler mamtained «» 
precisely what give us the true picture of the real world ’ and 

e™?' '““* Wore entered. Wo mtst' 

to suTtoder thet glorioin end Ulummatlng dimovery of S* 
to tmto Of mm#,. Let Urn theologim. weiS. 

,, f athemeticall renw. the wa ^to truth. "fnffeed T^i 
“om eta',”^ “to.™, Sitetot. on the,= ,«* 

to i. rteT";'^ ““'T- “ l» -Wd. the force of eX 
Therefore “ Pidloeopliy, however, that of causei.l 

the Lactantius, who denied the rotundity of 

me who demonstrate by philosophy, without violating mi .. 

“d of the moSl 

p cable size, Md finally is moved among the stars.” « f 

whZ^thf'^u^ tremendous significance df 

^at these fathers of modern science were doinr bufS m 
c ntinue with our questions. What further specific metaphysical 
Kepler led B topt m . iLetonce 7^ 
notion of what constitutes the real world? For one thing, it 

®® As for example. Opera, V, 226, £f. II, 687. 
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him flppmpt i aUi i] r^T i.^ iiwil ’ Ul^u ll if . i 1u t i wf .f i«n Iw f OT wn 

primary and secoadarv qualities, which J iari haen nfitctLin^rtip. 
an cient TOfld by the a tnmist nni j sceptical schools. ati<;l which — 
t Sl ras being revived in the aucteen ^h /'untury in irorig/t fnm Uy 
such miscellaneous fl iinkera aa Vives. Sa^nchez, Mrnit aiflpnr — 
Campanella . Knowledge aa it la immediately offered the 
m ind through the senses is obscure, confused, contradictor y, 
a nd_hence imtrustworth y: only those features of the world in 
tarns of which we get certain and consistent knowledge open 
b efore us what is i ndiihitahly and permanentlv real , oaer 
fjiialitiea are not real qualities nf tbiniwi. hut only aiyna of 
f E&a. For Kepler, of course, the real qualities are those caught 
UP in this m athematical harmony u nderlying the world of the 
senses, an d which, therefore, have a causal relation to the lat- 
t CT. i he'red world is a world of 

qnly! its jiiflerences nre diperi >nces of number alone . In his 
mathematical remains there is a brief criticism of Aristotle’s 
treatment of the sciences, in which he declares that the funda* 
mental difference between the Greek philosopher and himself 
was that the former traced things ultimately to qualitative, 
and hence irreducible distinctions, and was, therefore, led to 
give mathematics an intermediate place in dignity and reality 
betwera sensible things and the supreme theological or meta¬ 
physical ideas; whereas he had found means for discovering 
quantitative proportions between all things, and therefore gave 
mathematics the pre-eminence. “ Wherever there are qualities , 
^ there are likewise quantities, hnt not always vfcg veriSa.” *^ 
Again, Kepler’s position led to an important doctrmd~ of 
knowledge. h ^glj-Onlv is it true that wr ran discover mathemnti- 
nal relations in all nhjprt« prpamtpH tn jhe senses; all certa in 
knowledee must he knowledee of their quantitative characte r¬ 
ist ics, perfect knowledge is always mathematica l. “There are, 
in fact, as I began to say above, not a few principles which 
are the special property of mathematics, such principles as are 
discovered by the common light of nature, require no demon¬ 
stration, and which concern quantities primarily; then they are 


« Opera, Vni, 147, ff. 
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applied to other things, so far as the latter have something in | 
common with quantities. Now there are more of these prin- I 
ciples in mathematics than in the other theoretical sciences , 
because of that very characteristic of the human understandiii^ ^ 
which seems to be such from the law of creation, that nothing 
can be known completely except quantities or by quantities. 
And so it happens that the conclusions of mathematics are 
most certain and indubitable.”^^ He notes certain practical i 
illustrations of this fact in optics,, music, and mechanics, which, 
of course, best afforded bim the confirmation he sought. “Just 
as the eye was made to see colours, and the ear to hear sounds, 
so the human mind was made to understand, not whatever 
you please, but quantity.” T herefore^ quantity is the fun- 
dani fi n tal f a fttur e ■ of - things, the “primarium accidens sub-" 
Stmtiae" ** “p rior to the other nata^nript » Quantitative fe a. 
tu res are thfi s nir rif nn f pr aa th<» wnrlH nt qut '' 

to gannii .. n .i. 1 -—=>. 

Thus we have in Kepler the position dearly stated that the 
real world is the mathematical harmony discoverable in things. 
The changeable, surface qualities which do not fit into this 
underlying harmony are on a lower levd of reality; they do 
not so truly exist. All this is thoroughly Pythagorean and Neo- ' 
Platonic in cast, it is the realm of the Platonic ideas suddenly 
found identical wdth the realm of geometrical relationships. 
Kqpler apparently has no affiliations with the Democritan and < i 
Epicurean atomism, whose revival was destined to play an im- 
pprtant part in post-Keplerian science. So far as his thought^ 
dwells upon the elementary particles of nature it is the geo- . 
metrical atomism of the Tintteus and the ancient doctrine of * 
the four elements that he inherited, but his interest is not in 
these; it is the mathematical relations revealed in the cosmos 
at large that arouse his enthusiasm and interest. When he says 
that God made the world according to number he is thinking 

^ Opera, VIII, 148. 

Opera, 1 , 31 . 

** Opera, VIII, 150. 
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not about minute figured portions of space, but about these 
vaster numerical harmonies.^'’ 

The reason why there exists this vast and beautiful mathe- 
j^matical order in the universe is not further explicable for 
Kepler except by way of the religious aspect of his Neo-Plato¬ 
nism. He quotes with approval the famous saying of Plato, that 
God ever geometiizes; he created the world in accordance 
vvith numerical harmonies,^* and that is why he made the 
human mind such that it can only know by quantity. 

We have here then, in Kepler’s work, a second great event in 

*sThe astrological affiliations of his doctrine of primary and 
secondary qualities bring this out v^ clearly. Kepler has 
usually been regarded as half insincere in ms astrological 
labours,.the passage cited to this end being so interpretable 
but not necessarily, nor, in the li^t of a host of other state¬ 
ments, justifiably. It is the statement that.“God ^ves every 
animal the means of saving its life—why object if he gives 
astrology to the astronomer?” {Opera, Vni, 7Q5). like other 
poor astronomers of the time, Kepler found in astrology a 
^d of service he could render which people without astro¬ 
nomical zeal were willing to pay for, a situation which he 
regarded as quite providential. But this does not at all mean 
that he did not thoroughly believe in astrology. Those who so 
maintain can hardly have read his essay De Fmdamentis 
Astrologiae Certiorious (Opera, 1, 417, fi.), in which he ad¬ 
vances for the criticism of philosophers seventy-five proposi¬ 
tions, of varying generality, whose soundness he is prepared 
to defend. Those acquainted with the thought currents of 
Kepler’s day know that (here had been in the sixteenth century 
a powerful revival of interest and belief in astrology, and 
Kepler was prepared by Ins genial philosophy of science to 
give it a comprehensive philosophical basis. When the planets 
in their revolutions happen to fall in certain unusual relations, 

E ortentous consequences might very well ensue for human 
fe—mighty vapours are perh^s projected from them, pene¬ 
trate the animal spirits rtf men, stir their passions to an un¬ 
common heat, with the result that wars and revolutions follow. 
(Cf. Opera, I, 477, ff.) There is no question but that the sug¬ 
gestion of such possibilities harmonizes with his general philos¬ 
ophy—the mteresting point here is the fact that Sie matnemat- 
^ical entities with which he is concerned are these larger 
i astronomical harmonies rather than the elementary atoms. 

** Opera, 1,31. 
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the development of the metaphysics of modem science. Aris- 
totelianism had won out in the long preceding period of human 
thought because it seemed to make intelligible and rational 
the world of common-sense experience. Kepler early realized* 
that the admission of validity to the Copemican world-scheme 
involved a radically different cosmology, a cosmology which 
could rest upon the revived Neo-Platonism for its general back¬ 
ground, would find its historical justification in the remarkable 
developments in the sciences of mathematics and astronomy, 
and which could lay bare a marvellous aignifiRgnc i*. and a new 
beauty in the observed events of the natural cosmos by regard¬ 
ing them as exemplifications of simple, underlying numerical 
relations. T he task involved revising tQ ,flm-cnH-4ha jiaA‘rir)n^ 1 
ideas of eanaa litv. hypothesis, reality, and knowledge ; hftn<.p 
Kepler offers us the fundamentals of a metaphysic based in 
outlme upon the early Pythagorean speculations, but carefully 
accommodated to the new ideal and method. Fortunate indeed 
it was for Kepler’s historical importance that his venture 
proved pragmaticaUy successful. The acquisition of further 
empirical facts in astronomy by Galileo and bis successors 
showed that the astronomical and physical universe was 
enough like what Copernicus and Kepler had dared to believe, 
for them to become established as fathers of the outstanding 
movement of human thought in modem times, instead of being 
consigned to oblivion as a pair of wild-minded apriorists. In 
particular, K^ler’s method had just enough in common with 
the successful procedure of later science, so that out of a vast' 
mass of painfully and laboriously won geometrisms in nature, 
three chanced to become fruitful foundations for the later 
stupendous scientific achievements of Newton. But only those 
who fix their attention on these three, forgetting the arduous 
amassing of quite useless numerical curiosities which to litm 
were quite as significant, could make, without qualification, 
such claims for him as are made by Eucken and Apelt: 

“Kepler is the first who ventured here an exact-mathemati¬ 
cal treatment of the problems (of astronomical science), thtf 
^first to establish natural laws in the specific sense of the new 
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science.*’ “Kepler was the first to discover the art of suc¬ 
cessfully inquiring her laws of nature, since his predecessors 
merely constructed explanatory concepts which they endeav- 
^ oured to apply to the course of nature." 

Such laudations, while not wholly false, obscure our genuine 
debt to Kepler. His solid and forward-looking achievement as 
a philosopher of science, is his insistence that valid mathemati¬ 
cal hypotheses must be exactly verifiable in the observed world. 
He is entirely convinced on a priori grounds that the universe 
is basically mathematical, and that all genume knowledge must 
be mathematical, but he makes it plain that the laws of thought 
innate in us as a divine gift, cannot come to any knowledge of 
themselves; there must be the perceived motions which fur¬ 
nish the material for their exact exemplification,^^ For this 
side of his thought we have to thank ^ training in mathe¬ 
matics and in particular his association with that giant of care¬ 
ful star-observation, Tycho Brahe. It is this, together with his 
reinterpretation, in terms set by the situation of his day, of 
such notions as causality, hypothesis, reality, and the like, that 
constitute the constructive portion of his philosophy. But his 
outlook and method were as fully dominated by an aesthetic 
as by a purely theoretic interest, and the whole of his work was 
overlaid and confused by crude inherited superstitions which 
the most enlightened people of his time had already discarded. 

^'^R. Eucken, Kepler aU Philosoph {Phlbsophische Monat- 
shefte, 1878, p. 42, fl,). 

F. Apelt, Epochen der Geschichte der Menscheit, Vol. I, 
p.243. 

« Opera, V, 229. 



chapter m. GALILEO 


\ Kepler, his life overlapping 

Sf ^ astronomer at both ends. Aftw thf 

two b^e acquamted through the publication of 
Mystenam Cosrwgraphicum in 1597, they remained C 
friends and canied on a considerable and interesting cor^ 
pondence, bm it cannot be said that either influenced^the phi 
losophy Of the other to any important extent. EaclJ of co^“' 

scientific discove?- 

^ but the metaphysics of each was conditioned primarfiy by 
on tbe ultimate hearings of his own achievements. 


A. Tile Science of “Local Motion” 

cinelbm ‘'i^ '^udy of medi- 

erne, but at the early age of seventeen the latter accruired a 

SST® ““"'f “ and after securing L she's 

re^u^t ct^nsent. proceeded during the next few years to 

make ^self master of the subject Were it not for his more 

fiant fanie as a mathematician. He invented a geometri^ 
us for the reduction of complex to simple figures and 
oibL^T? on continuous quantity. He latter was never 
pjh^ed, but si^ was his mathematical name that Cavafieri 
is treatise on the Method of Indivisibles 

» age of twenty-five he was appointed professor of' 

pM-«« « «. „ Pi,, ^ 
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fame won by some papers on the hydrostatic balance, the 
properties of the cycloid, and the centre of gravity in solids. 
The direction of his early mathematical studies is sufficiently 
^indibated by these works; it was the mechanical branch that 
absorbed his attention and interest from the very beginning. 
Ihe famous event in the Cathedral of Pisa, when he observed 
that the swings of the great hanging lamp were apparently 
isochronous, had just preceded, and in part inspired, his first 
interest in mathematics, hence the mathematical study of 
mechanical motions became quite naturally the focus of his 
work. Furthermore, as soon as he became competent in this 
new field he eagerly embraced the Copemican system (though 
continuing for many years to teach Ftolemaism to his classes 
out of deference to popular feeling), and the Copemican at¬ 
tribution of motion to the eardi gave him a powerful impetus 
to study more closely, i.e., mathematically, such motions of 
small parts of the ea^ as occur in every-day experience, as 
we learn on the authority of his great English disdple, 
Hobbes.]' Hence the birth of a new science, terrestrial dynam¬ 
ics, which presented itself to Galileo as a simple and natural 
extension of the exact mathematical method to a field of some¬ 
what more difficult mechanical relations. Others before him 
had asked -why heavy bodies fall; now, the homogeneity of the 
earth with the heav^y bodies having suggested that terrestrial 
motion is a proper subject for exact mathematical study, we 
have the further question raised: how do they fall? wifii the 
expectation that ffie answer will be given in mathematical 
terms. 

As Galileo notes in the introduction to his science of dynam¬ 
ics or “local motion,”]] many philosophers had written on 
motion, “nevertheless I have discovered by experiments some 
properties of it which are worth knowing and which have not 
hitherto been either observed or demonstrated.” Some, too, 

1 Epistle Dedicatory to the Elements of Philosophy Concern¬ 
ing Body, Works, Molesworth edition, London, 1839, Vol. I 
(English), p. viii. 

% 

Dialogues and Mathematical Demonstrations Contiemirig 
Two New Sciences, by Galileo Galilei (Crew and De Salvio 
translation), New York, 1914, p. 153, ff. 
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had observed that the motion of a falling body was one of 
acceleration, “but to just what extent this acceleration occurs 
has not yet been announced.” The same thought is again ex¬ 
pressed with reference to the motion of projectiles-others had*| 
observed that a projectile foUowed a curved path, but none had 
demonstrated that the path must be a parabola. It was this 
reduction of terrestrial motions to terms of exact mathematics 
which, fuUy as much as the significant astronomical discoveries 
that empirically co^med Copernicanism, measured his im¬ 
port to th(»e of his contemporaries who were fittpH to ap¬ 
preciate this stupendous advance in h uman knowledge Hfa 
friend md admirer Fra Paolo Sarpi reflected the opinion of 
such nunds when he exclaimed, "To give us the science of 
motion God and Nature have joined hands and created the 
inteUect of Galileo.”® Galileo’s practical mechanical inven¬ 
tions are themselves sufifidently remarkable. In his early years 
he invented a pulsimeter, operating by means of a small pen¬ 
dulum, and also a contrivance for measuring time by the uni¬ 
form flow of water. Later he became the inventor of the first 
crude thermometer, and in the last year of his life sketched 
out complete plans for a pendulum clock. His achievements 
^ m Ae early development of the telescope are known to aU 
students. 

Now what are the main metaphysical conclusions that 
Galileo found implied in his work? Let us first consider briefly 
those m which his agreement with Kepler is most complete, 
passmg then to a fuller treatment of his more novel sugges- 
twns. Our expectation that the reduction of the motions of- 
odiM to exact mathematics must carry large metaphysical 
bearings to Galileo’s mind will not be disappointed. 


B. Nature as Mathematical Order—Galileo’s Method 

First of aU, Nature presents herself to Galileo, even more 
an to Kepler, as a simple, orderly system, whose every pro- 
ceedmg is thoroughly regular and inexorably necessary. “Na--’ 

* Two New Sciences, Editor’s Preface. 
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ture . . . doth not that by many things, which may be done 
by few.”^ He contrasts natural science with law and the 
humanities, in respect that the conclusions of the former are 
absolutely true and necessary, not at all dependent on human 
judgment.® Nature is “inexorable,” acts only “through im¬ 
mutable laws which she never transgresses,” and cares “noth¬ 
ing whether her reasons and methods of operating be or be 
not understandable by men.” ® 

Further, this rigorous necessity in nature results from her 
fundamentally mathematical character—nature is the domain 
of mathematics. “Philosophy is written in that great book 
which ever lies before our eyes—I mean the universe—but we 
cannot understand it if we do not first learn the language and 
grasp the symbols, in which it is written. This book is written 
in the mathematical language, and the symbols are triangles, 
circles, and other geometrical figures, without whose help it is 
impossible to comprehend a single word of it; without which 
one wanders in vain through a dark labyrinth.” ^ Galileo is 
continually astonished at the marvellous manner in which nat¬ 
ural happenings follow the principles of geometry,® and bis 
favorite answer to the objection that mathematical demonstra¬ 
tions are abstract and possess no necessary applicability to the 
physical world, is to proceed to further geometrical demonstra¬ 
tions, in the hope that they wfll become their own proof to all 
unprejudiced minds.® 

Mathematical demonstrations then, rather than the scholas¬ 
tic logic, furnish the key to unlock the secrets of the world. "Of 
course, logic teaches us to know, whether the conclusions and 

* Dialogues Concerning the Two Great Systems of the World, 
Salusbury translation, London, 1661, p. 99. 

® Two Great Systems, p. 40. 

^Letter to the Grand Duchess Christina, 1615 (Cf. Salusbury, 
Vol.l). 

’’Opere Complete di Gtdileo Galilei, Firenze, 1842, fi.-, Vol. 

rv.p.m. 

^ ® Two Great Systems, pp. 178,181, fE. 

® Two New Sciences, p. 52. 
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demonstrations which are already discovered and at hand axe 
consistent, but it cannot be said that it teaches us how to find 
consistent conclusions and demonstrations.” “We do not 
learn to demonstrate from the manuals of logic, but from the ■; 
books which are full of demonstrations, which are the math¬ 
ematical and not the logical.” “ In other words, logic is the 
instrument of criticism, mathematics that of discovery. Gal- 
aeo’s chief criticism of Ghbert was that the father of the 
magnetic plulosophy was not sufficienfly weU grounded in 
mathematics, particularly geometry. 

Now this method of mathematical demonstration, being 
pounded u it is in the very structure of nature, presents 
Itself occasionahy in Gahleo as being in large part independent 
of smsible verification—an exclusively a priori method of 
reaching truth. J. J. Fahie quotes him as having written that 
“ignorance had been the best teacher he ever had. since in 
order to be able to demonstrate to his opponents the truth of 
his conclusions, he had been forced to prove them by a variety 
of experiments, though to satisfy his own mind alone he had 
never felt it necessary to make any.”i2 If this was seriously 
meant, it was extremely important for the advance of science 
that Galileo had strong opponents, and in fact there are other 
passages in his works which show that his confident belief in 
fte mathematic^ structure of the world emancipated him 
from the necessity of close dependence on experiment.^® Ho 
insists that from a few experiments valid conclusions can be 
drawn whii* reach far beyond experience because "the knowl¬ 
edge of a single fact acquired through a discovery of its causes - 
prepares the mind to understand and ascertain other facta 
without need of recourse to experiment.” He illustrates the 
meaning of tha principle in his study of projectiles; once we 

ow that their path is a parabola, we can demonstrate by 
pure mathematics, without need of experiment, that their max- ' 

“ Opere, XIII, 134. 

Opere, 1,42. 

“ The Scientific Works of Galileo (Singer, Vol. H, p. 251). 

Two Great Systems, p, 82. * ' '' 

^ Two New Sciences, p. 276. 
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imum range is 45°. In fact, confirmation through experiment 
is only necessary in the case of conclusions, into whose neces- 
^ sary and rational basis we can have no immediate intuition.^" 
" We shall return later to his use of this important word. 

It is abundantly apparent, however, from the whole of Gal¬ 
ileo’s achievements and interests, that he never seriously 
entertained the possible extreme of this mathematical aprio- 
rism,^" and his meaning becomes fairly clear when we study 
passages of a different tenor. After all, "our disputes are about 
the sensible world, and not one of paper”;^'? it is usdess to 
wrangle on general principles alone about what is fitting or not 
in nature, we must “come to the particular demonstrations, 
observations, and experiments.” “ This is just as true in as¬ 
tronomy as in physics. Experience is the “true mistress of 
astronomy”; “the principal scope of astronomers is only to 
render reason for the appearances in the celestial bodies.” 
Sensible facts are before us to be explained; they cannot be 
overridden or ignored. It was not merely for controversial 
victories that Galileo found it frequently convenient to appeal 
to the confirmation of the senses. His empiricism went pretty 
deep. “Oh, my dear Kepler, how I wish that we could have one , 
hearty laugh togetherl Here at Padua is the principal pro-| 
fessor of philosophy, whom I have repeatedly and urgently ■ 
requested to look at the moon and planets through my ^ass, 
which he pertinaciously refuses to do. Why are you not here? 
What shouts of laughter we should have at this glorious foUyl 
And to hear the professor of philosophy at Pisa labouring 
before the Grand Duke with logical arguments, as if with 
magical incantations, to charm the new planets out of the 
sky.” Galileo could hardly have become the doughty figure 

i»Opere, IV, 189. 

Cf. Two New Sciences, p. 97. 

Two Great Systems, p. 96. 

1® Two Great Systems, p. 31. 

1; “ Two Great Systems, pp. 305,308. 

Letter to Kepler, 1610, quoted in Lodge, Pioneers of Sci¬ 
ence, Ch. 4. 
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in the overthrow of Aristotelianism that he appeared to his 
co Titwn pnrnrieH had it not been for his popularly verifiable 
discoveries, which showed dearly to men’s senses that some 
of Aristotle’s statements were false. The authority of the" 
Stagyrite was profoundly shaken when people were empirically 
forced to gtlmit that all bodies fall with uniform acceleration, 
that Venus presents phases like the moon, that the sun’s face is 
spotted, and the like. Galileo himself remarks that Aristotle 
would change his opinion if he saw our new observations, for 
his method was essentially empirical. “I do believe for certain, 
that he first procured, by the help of the senses, such experi¬ 
ments and observations as he could, to assure him as much 
as was possible of the conclusion, and that he afterwards 
sought out the means how to demonstrate it; for this is the 
usual course in demonstrative sciences. And the reason thereof 
is, because when the condusion is true, by the help of the 
resolutive method, one may hit upon some proposition before 
demonstrated, or come to some prindple known per se; but 
if the condusion be false, a man may proceed in infinitum, 
and never meet with any truth already known.” 

This passage introduces us to Galileo’s conception of the 
proper way of combining the mathematical and the experi¬ 
mental methods in science. With it in mind, let us study his 
other expressions on this point 

It is dear to start with that what our philosophy seeks to 
explain is nothing other than the world revealed by the senses. 
“In every hypothesis of reason, error may lurk imnoticed, but 
a discovery of sense cannot be at odds with the truth.” “How 
could it be otherwise? Nature did not make human brains 
first, and then construct things according to their capacity of 
understanding, but she first made things in her own fashion 
and then so constructed the human understanding that it, 
though at the price of great exertion, might ferret out a few 
of her secrets.” But the world of the senses is not its own 
explanation; as it stands it is an unsolved cipher, a book 
written in a strange language, which is to be interpreted or 

Two Great Systems, p. 37. 

22£>pcre,Vn,341;I,288. 
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explained in terms of the alphabet of that language. After 
long wandering in false directions, man has at last discovered 
^at the rudiments of this alphabet are-namely the principles 
iSnd units of mathematics. We discover that every branch of 
mathematics always applies to the material world, physical 
bodies, for example, are always geometrical figures, even 
tiiou^ they never reveal those exact shapes tiiat we like to 
treat in pure geometry.^^ Hence when we seek to decipher an 
unf amili ar page of nature, obviously the method is to seek oiir 
alphabet in it, to “resolve” it into mathematical terms. 

Galileo points out that this method of explaining the world 
of the senses often leads, strange though it may seem, to con¬ 
clusions that do violence to immediate sensible experience. The 
prime example of this is the Copemican astronomy, which 
furnishes the supreme example of the victory of mathematical 
reason over the senses, “I cannot sufficiently admire the em- 
^ inence of those men’s wits, that have received and held it to be 
true, and with the sprightliness of their judgments offered such 
violence to their own senses, as that they have been able to 
prefer that which their reason dictated to them, to that which 
I sensible experiments represented most manifestly to the con- 
ftrary. ... I cannot find any bounds for my admiration, how 
I that reason was able in Aristarchus and Copernicus, to commit 
‘ such a rape on their senses, as in despite thereof to make her¬ 
self mistress of their credulity.”^* Reason even occasionally, 
by the invention of such instruments as the telescope, gives 
sense an opportunity to correct h^ own misjudgments. 

Largely because of the accq)tance of the Copemican as¬ 
tronomy and its substantiation by his own tdescopic observa¬ 
tions, Galileo was led to parade with all possible vigour the 
common facts of sense illusion, and for every fact that told 
against the trustworthiness of the senses he had many which 
tended to establish the validity of his mathematical solutions. 
On the one hand we cannot deny that it is the senses which 
offer us the world to be explained; on the other we are equally 
certain that they do not give us the rational order which alone 
'i 

r sa Qreat Systems, p. 224, ff. 

* ** Two Great Systems, p. 301. 
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supplies the desired explanation. The latter is always math¬ 
ematical, to be reached only by the accepted methods of math¬ 
ematical demonstration. “The properties belonging to uniforrg 
motion have been discussed in the preceding section; but ac- ’ 
celerated motion remains to be considered. And, first of all, 
it desirable to find and mcplaln a definition best fitting 
natural phenomena. For any one may invent an arbitrary type 
of motion and discuss its properties; thus, for instance, some 
have imagined helices and conchoids as described by cert^ 
motions, which are not met with in nature, and have very 
conunendably established the properties which these curves 
possess in virtue of their definitions; but we have decided to 
consider the phenomena of bodies falling with an acceleration 
such as actually occurs in nature and to make this definition of* 
exhibit the essential features of observed 
accelerated motions. And this, at last, after repeated efioits 
we trust we have succeeded in doing. In this belief we are 
confirmed mainly by the consideration that experimental re¬ 
sults are seen to agree with and exactly correspond with those 
properties which have been, one after another, demonstrated 
by us. Finally, in the investigation of naturally accelerated 
motion we were led, by hand as it were, in following the 
habit and custom of nature herself, in all her various other 
processes, to employ only those means which are most com¬ 
mon, simple, and easy."*® Here the claim to have success¬ 
fully applied mathematical demonstrations to physical motio)^ 
is certiMy central. 

As with Kepler, so with Galileo, this mathematical explana¬ 
tion of nature must be in exact terms; it is no vague Pythag¬ 
orean mysticism that the founder of dynamics has in mind, 
We might have gathered as much from his obvious achieve¬ 
ments, but he tells us so explicitly. “Neither doth this suffice 
[knowledge that falling bodies descend with accelerating 
velocity], but it is requisite to know according to what propo^ 
tion such acceleration is made; a problem that I believe was 
never hitherto understood by any philosopher or mathema- 


Two Great Sciences, p. 160, ff. 
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tician, although philosophers, and particularly the peripatetics, 
have writ great and entire volumes touching motion." 

Viewed as a whole, Galileo’s method then can be analysed 
^to three steps, intuition or resolution, demonstration, and 
experiment; using in each case his own favourite terms. Facing 
the world of sensible experience, we isolate and pTamirif. 
fully as possible a certain typical phenomenon, m order first to 
intuit those simple, absolute elements in terms of which the 
phenomenon can be most Msily and completely translated into 
mathematical form; which amounts (putting the matter in 
another way) to a resolution of the sensed fact into such ele- j 
meats in quantitative combinations. Have we performed this ■ 
step properly, we need the sensible facts no more; the elements 
thus reached are their real constituents, and deductive demon¬ 
strations from them by pure mathematics (second step) must 
always be true of similar iimtances of the phenomenon, even 
though at times it should be impossible to confirm them em¬ 
pirically. This explains the bold tone of his more a priori 
passages. For the sake of more certain results, however, and 
especially to convince by sensible illustrations those who do not 
have such implicit confidence in the universal applicability of 
mathematics, it is well to develop where possible demonstra¬ 
tions whose conclusions are susceptible of verification by 
experiments. Then with the principles and truths thus acquired 
we can proceed to more complex related phenomena and dis¬ 
cover what additional mathematical laws are there implicated. 
That Galileo actually followed these three steps in all of his 
'important discoveries in dynamics is easily ascertainable from 
his frank biographical paragraphs, especially in the Dialogues 
Concerning Two New Sciences.^'' 

A further question suggests itself at this point: is this re¬ 
markable mathematical structure of the world, which makes 
possible such stupendous conquests of science as the Coper- 
nican astronomy and the Galilean dynamics, something 
ultimate, or is it further explicable? If a religious basis be a 
further explication, the latter would appear to be the answer 

Two Great Systems, p. 144. 

Cf. especially p. 178. 



82 


for Galileo, as for Kepler. The Neo-Platonic background of 
the mathematical and astronomical development of the times 
has strongly penetrated the mind of the Italian scientist, as 
in the case of so many lesser figures. By his free use of tlfe'? 
word “nature,” he does not mean to deny an ultimately re-' 
liglous interpretation of thinp. God, by his immediate crea¬ 
tive knowledge of nature, thinks into the world that rigorous 
mathematical necessity which we reach only laboriously 
through resolutions and demonstrations—God is a geometri¬ 
cian in his creative labours—he makes the world through and 
through a mathematical system. The distinction between his 
knowledge of things and ours is that his is complete, ours 
partial; his immediate, ours discursive. “As to the truth, of\ 
which mathematical demonstrations give us the knowledge,^"'- 
it is the same which the Divine Wisdom knoweth; but... the 
manner whereby God knoweth the infinite proposidom, 
whereof we understand some few, is hi^y more excelled 
than ours, which proceedeth by ratiocination, and passeth fion 
conclusion to conclusion, whereas his is done at a sin^e 
thought or intuition.” For God the apprehension of the es¬ 
sence of any thing means the inunediate comprehension, 
without temporal reasoning, of all its infin ite implicationi, 
“Now these inferences which our intellect apprehendeth with 
time and a gradual motion the Divine Wisdom, like light, pens -1 
trateth in an instant, which is the same as to say, hath then 
always present.” God knows infinitely more propositions 
than we, but yet in the case of those that we understand ^ 
thoroughly as to perceive the necessity of them, i.e., ti|^^ 
demonstrations of pure mathematics, our understanding 
equals the divine in objective certainty. 1 

It was this religious basis of his philosophy that made Osl l 
ileo bold to d^are that doubtful passages of scripture shoulil 
be interpreted in the li^t of scientific discovery rather thaU tin | 
reverse. God has made the world an immutable mathematical ’ 
system, permitting by the mathematical method an absolute! 
certainty of scientific knowledge. The disagreements of theo¬ 
logians about the meaning of scripture are ample testimony] 

T wo Great Systems, p. 86, ff. ' 
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to toe fact that here no such certainty is possible Is it not 

the true meaning of 2 
Methmks that in the discussion of natural problems 
%e ought not to begin at toe authority of places of ^oture’ 
but at senstole experiments and necessary demonstrations. For’ 

mutabto^ proceed, . . . Nature, being inexorable and im¬ 
mutable, and never passmg the bounds of the laws assigned 

V il oon^ve that, concerning natural effects, that 
which either sensible experience sets before our eyes, or neces- 
sary demonstrahons do prove unto us, ought not, up^n any ac 
to be called into question, much less condeLed upon 
toe testimony of texts of scripture, which may, under their 
r seemingly contrary thereto. . . . Nor does 

God kss adimrably discover himself to us in Nature’s actions, 

' f Scripture’s sacred dictions." « He quoted by way ; 

of orthodox support TertuUian’s dictum that we know God ^ 
first by nature, then by revelation. 


c. The Subjectivity of Secondary QuaUties 

A 

Swept onward by the inherent necessities of this mathe- 
maucal metaphysic, Galileo, like Kepler, was inevitably led 
to the ^trme of primary and secondary qualities, only with 
, the Itahan genius the doctrine appears in a much more pro¬ 
nounced and developed form. Galileo makes the clear distinc- 
ton be^een that in the world which is absolute, objective, 
iminutable, and mathematical; and that which is relative, sub¬ 
jective, fluctuatmg, and sensible. The former is the realm of 
knowledge, divine and human; the latter is the realm of 
opmion and illusion. The Copemican astronomy and the 
achievements of the two new sciences must break us of the 
natural assumption that sensed objects are the real or math- 
,|matical objects. They betray certain qualities, which, handled 
•by mathematical rules, lead us to a knowledge of the true 

“ Letter to the Grand Duchess, 1615. 
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object, and these are the real or primary qualities, such as 
number, figure, magnitude, position, and motion, which can¬ 
not by any exertion of our powers be separated from bodies- 
qualities which also can be wholly expressed mathematically.^li 
The reality of the universe is geometrical; the only ultimata 
characteristics of nature are those in terms of which certain 
mathematical knowledge becomes possible. All other qualities 
and these are often far more prominent to the senses, are* 
secondary, subordinate effects of the pr imar y 

Of the utmost moment was Galileo’s further assertion that 
these secondary qualities are subjective. In Kepler there had 
been no dear statement of this position; apparently for him 
the secondary qualities were out there in the astronomical 
world, like the primary, only they were not so real or funda- 
mentaL Galileo fell definitely in line with the Platonic identi¬ 
fication of the realm of changing opinion with the realm of 
sense «perience, and became the heir to all the influences 
emmating from the ancient atomists which had been recently 
revived in the epistemology of such thinkers as Vives and 
Campandla. The confused and untrustworthy elements in the 
sense picture of nature are somehow the effect of the senses 
themselves. It is because the experienced picture has passed 
througb the senses that it possesses all these confusing and 
Illusive features. The secondary qualities are declared to be 
effects on the senses of the primary qualities which are alone 
real in nature. As far as the object itself is concerned, they 
are nothing more than names. This doctrine, too, was bol^* 
stored up by considerations derived from the Copernican as¬ 
tronomy. Just as the deceptive appearance of the earth, which 
makes us suppose it to be at rest, arises from the position. 
and local motion of the onlooker, so these deceptive secondary 
qualities arise from the fact that our knowledge of objects is 
mediated by tbe senses. 

This important and radical doctrine is most impressively ' 
presented by Galileo in a passage in the ll Saggiatore where 
the cause of heat offers itself for discussion. After asserting 
hu conviction that motion is the cause sought, Galileo explains 
his meaning at considerable length. 
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But first I want to propose some examination of that 
which we call heat, whose generally accepted notion comes 
very far from the truth if my serious doubts be correct, inas¬ 
much as it is supposed to be a true accident, affection and 
quality reaUy residing in the thing which we perceive to be 
heated. Neve^eless I say, that indeed I feel myself impeUed 
by Jhe necessity, as soon as I conceive a piece of matter or 
rorporeal substance, of conceiving that in its own nature 
It IS bounded and fi^ired in such and such a figure, that in 
relation to others it is large or small, that it is in this or that 
place, in this or that time, that it is in motion or remains 
at rest, that it touches or does not touch another body, that 
it is single, few, or many; in short by no imagination can 
a body be separated from such conditions; but that it must 
be white or red, bitter or sweet, sounding or mute, of a 
pleasant or unpleasant odour, I do not perceive my mind 
forced^ to acknowledge it necessarily accompanied by such 
conditions; so if the senses were not the escorts, perhaps the 
reason or the imagination by itself would never have arrived 
at them. Hence I think that these tastes, odours, colours, 
etc., on the side of the object m which they seem to exist, 
are nothing else than mere names, but hold their residence 
solely in the sensitive body; so that if the animal were re¬ 
moved, every such quahty would be abolished and anni¬ 
hilated. Nevertheless, as soon as we have imposed nampa 
on them, particular and different from those of the other 
primary and real accidents, we induce ourselves to believe 
that they also exist just as truly and really as the latter. I 
thmk that by an illustration I can explain my me anin g more 
clearly. I pass a hand, first over a marble statue, then over 
a living man. Concerning all the effects which come from the 
hand, as regards the hand itself, they are the same whether 
on the one or on the other object-that is, these primary 
accidents, namely motion and touch (for we call them by 
no other names)—but the animate body which suffers that 
operation feels various affections according to the different 
parts touched, and if the sole of the foot, the kneecap, or 
the armpit be touched, it perceives besides the common 
sense of touch, another affection, to which we have given 
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a particular name, calling it tickling. Now this affection is 
all ours and does not belong to the hand at all. And it seems 
to me ftat they would greaUy err who should say that the 
and, bes^es motion and touch, possessed in itself anoth^l 

tickling faculty J 

that tickling would be an accident that exists in it. A pieee of 
paper, or a feather, lightly rubbed on whatever part-of our 
body you wash, performs, as regards itself, everywhere 
same operation, that is, movement and touch; but in us if 
touched between the eyes, on the nose, and under the n'os 
trils. It excites an almost intolerable tickling, though else 
whm .t c bans, b. felt at all. Now Um MbfiS 
» ua, aod not« tb. (aathca. and If the animala «,d 
tody be tcmovad, it la notbtas more than a mare 
precisely a similar and not greater existence do I believe^*' 
these various qualities to be possessed, which are attributed 

others? ■ “”11 

The dochine was further enlarged, as compared witi 
Kep er, by Galileo’s adoption of the atomic theory^ of matter 

wm *I!fl “1“^? "Idcb be wa. zealora to dlscoro 
But Galiip®^ relations among the celestial bodies, 

mathematical idea to terrestrial 

sTwr’into™? to that matter is^ij 

soluble mto ^nitely small indivisible atoms,” 3i wherebv? 

iSd “to fluids and gasejL 

and solTO such problems as those of cohesion exnansion 

.^traction, without the necessity of admitting’the^existence^fi 
S etr “ pen«rebility of S.J' 

ie Ibeir *“ “““■“■"tbml quelitiee, and i 

the motions operating upon the senses which cause 

the d„tmb„g .reond.,, experience.... toj't 

®”Opere,IV,333,ff. 

Two New Sciences, p. 40. 

3® Two New Sciences, p. 48, 

®®Opere.IV,335,ff. 
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some detail, in the case of taste, smell, and sound, how dif* 
ferences' in number, weight, figure, and velocity on the part 
of these atoms may cause the experienced differences in the 
s,^esulting sensation. 

The question of the historical relations of Galileo's gfntniom 
is difficult to solve. He does not give the atoms prominence, 
and it is evident that their place in his work is more con¬ 
tributory than fundamental. Such remarks as he does make, 
however, appear to indicate that besides the geometrical atom¬ 
ism of the Tinueus, which seems to underlie the notions of 
Copetnicus and Kepler, his thought has taken on some affilia¬ 
tions with the philosophy of Democritus and Epicurus. Gal- 
, ileo does not always include weight among the primary 
^ qualities of the atoms. When he does so it is in a connexion 
which suggests that he was impelled to the addition by con¬ 
siderations arising from his own work rather than by an an¬ 
cient tradition. “1 desire, before passing to any other subject, 
to call your attention to the fact that these forces, resistances, 
moments, figures, etc., may be considered either in the ab¬ 
stract, dissociated from matter, or in the concrete, associated 
with matter. Hence the properties that belong to figures that 
are merely geometrical and non-material must be modified 
when we fill these figures with matter and give them weight," 

He goes on to observe that when a geometrical figure is filled 
with matter it becomes ipso facto a “force" or a “moment," 
unphilosophical terms which he was struggling to endow for 
the first time with exact mathematical meaning. Yet the 
‘materialistic metaphysics of the ancient atomists was already 
being revived under influential auspices. The work of Gassendi 
and Magnenus did not appear till the middle of the seventeenth 
century, but Francis Bacon had already turned to Democritus 
as a possible substitute for Aristotelianism on some cosmo¬ 
logical doctrines, and Lowenheim^^ has succeeded in discover¬ 
ing a few references to Democritus in Galileo himself.^^ The 

Two New Sciences, p. 112, ff. 

J®L. Lowenheim, Der Einfluss Demokriis auf Galilei 
(Archiv fiir Geschichte der PhUosophie, 1894). 

38 For example, Opere, XII, 88. 
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Italian thinker had little use for some of the prominent featun 
of Pythagoreanism, especially the notion of perfect fieures 
pointing out that perfection in any thing is wholly relative tt 
the use to be made of it. It may be that to a consideraWi 
extent the Galilean atomism and its general mechanical coral- 
lanes were due to the percolation throu^ the intervenine 
ages of some fragmentary ideas from the great Greek materi- 
dist, especially as popularized by his Roman poet-follower 
Certainly tofc doctrine of primary and secondary qualities' 
wito causahty lodged in the atoms as above portrayed ex¬ 
hibits strong marks of a Democritanism brought up to date 
and fitted into the new mathematical programme. A quite 
subjectivism of secondary quafities had been tauaht 
by the ancient speculator, and it is to this feature of ft-I 
doctrine that Galileo eagerly reverts. ^ 

But that external bodies, to excite in us these tastes, these 
odours, and these sounds, demanded other than size, figure ' 
number, and slow or rapid motion, I do not beUeve: and 
I judge that, if the ears, the tongue, and the nostrils were 
taken away, the figure, the numbers, and the motions would 
mdeed re^, but not the odours nor the tastes nor the 
sounds, wtach, without the living animal, I do not believe 
are anyftmg else than names, just as tickling is precisely 
nothmg but a name if the armpit and the nasal membrane, 
be removed; ... and turning to my first proposition ini 
this plwe, havmg now seen that many affections which are! 
reputed to be qualities residing in the external object, have^ 
no other existence than in us, and without us are noth- ' 
tog else ftan names; I say that I am inclined sufficiently to 
^jbu b»,» 0. ffii. U.4 ft. ftftgS TO 

duces heat in us and makes us perceive it, which we call 
by the gweral name fire, is a multitude of minute cw 
pusdes ffius and thus figured, moved with such and such 
a velocity; . . . But that besides their figure, number, mo- 

S n f r* quality. 

tadLft! J otherwise than I hal( 

mdicated, and I judge that it is so much due to us that. 


I 
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if the animate and sensitive body were removed, beg t would 
remain nothing more than a simple word.®^ 

^ This form of the primary-secondary doctrine in Galileo is 
^orth a moment’s pause, for its effects in modem thought 
have been of incalculable importance. It is a fnmtam<»n iai 
step toward that banishing of man from the great world of 
nature and his treatment as an effect of what happens in the 
latter, which has been a pretty constant feature of the phi¬ 
losophy of modem science, a procedure enormously simplify- 
\ log the field of science, but bringing in its train the big 
metaphysical and especially epistemological problems of mod¬ 
em philosophy. Till the time of Galileo it had always been 
^ taken for granted that man and nature were both integral 
Imparts of a larger whole, in which man’s place was the more 
fundamental. Whatever distinctions might be made between 
t being and non-being, between prim^ and secondary, man 
was regarded as fundamentally allied with the positive and 
the primary. In the philosophies of Plato and Aristotle this is 
obvious enough: the remark holds trae none the less for the 
ancient materialists. Man’s soul for Democritus was composed 
of the very finest and most mobile fire-atoms, which statement 
at once allied it to the most active and causal elements in the 
outside world. Indeed, to all important ancient and medieval 
thinkmis, man was a genuine microcosm; in him was exempli¬ 
fied such a union of things primary and secondary as truly 
typified their relations in the vast macrocosm, whether the 
^eal and primary be regarded as ideas or as some material 
substance. Now, in the course of translating this distinction 
of primary and secondary into terms suited to the new mathe¬ 
matical interpretation of nature, we have the first stage in 
the reading of man quite out of the real and primary realm. 
Obviously man was not a subject suited to mathematical study. 
His performances could not be treated by the quantitative 
method, except in the most meagre fashion. EQs was a life of 
colours and sounds, of pleasures, of griefs, of passionate loves, 
of ambitions, and strivings. Hence the real world must be the 
^prld outside of man; the world of astronomy and the world 

»fOpcre,IV,336,ff. 



of resting and moving terrestrial objects. The only thing in 
common between man and this real world was his abdity to 
discover it, a fact which, being necessarily presupposed, wm 
easily neglected, and did not in any case suffice to exalt him Iflij 
a parity of reality and causal efficiency with that which he was 
able to know, (^lite naturally enough, ^ong with this exalta-; 
tion of the external world as more primary and more real, 
went an attribution to it of greater dignity and value. Galfleo 
Mmgftlf proceeds to tlus addition.®* Sight is the most excellent 
of the senses, because it has relation to light, the most excellent 
object; but, as compared with the latter, it is as far mferiot 
as the finite in comparison with the infimte, the temporal with 
the instantaneous, the divisible with the indivisible; it is even; 
as darkness compared with light. Connexions are obvious witl^ 
the world in this respect also; Plato and Aristotle had 
tanpht that that which man is able to know and contemplate,^ 
in their case the realm of Ideas or Forms, is more exalted than. 
man himself. But note again that in Galileo there is a far 
reaching difference. The features of the world now classed as 
secondary, unreal, ignoble, and regarded as dependent on the 
deceitfulness of sense, are just those features which are most 
intense to man in all but his purely theoretic activity, and even 
in that, except where he confines himself strictly to the mathe¬ 
matical method. It was inevitable that in these circumstances _ 
man should now appear to be outside of the real world; man 
is hardly more tb<m a bundle of secondary qualities. Observe; 
that the stage is My set for the Cartesian dualism-on the one 
side of primary, the mathematical realm; on the other thf 
realm of man. And the premium of importance and value ai,^ 
well as of independent existence all goes with the former. Mail 
begins to appear for the first time in the history of thought ai 
an inelevant spectator and insignificant effect of the great 


Opere, IV, 336. 
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Motion, Space, and Time 

"J'' So far we have been studying in Galileo largely a further 
Idevelopment of philosophical positions already reached in 
Kepler. But the fact that Galileo was devoting himself to flie 
study of bodies in motion, including specifically physical bodies 
handled in daily experience on the surface of the earth, led to 
inotable additions in his philosophy beyond anything distinctly 
suggested in the German astronomer. And first, his explicit 
•abandonment of final causality as a principle of explanation. 

^ It is well to remind ourselves of the manner in which terrestrial 
or “local” motions had been analysed by Aristotle and the 
scholastics. The analysis, being intended to answer the ques¬ 
tion why they moved rather than how they moved, was de¬ 
veloped in terms of the substances concerned in any given 
motion, hence the prominence of such words and phrases as 
action, passion, efiicient cause, end, natural place. About the 
motion itself alm ost nothing was said, save that a few simple 
distinctions were drawn between natural and violent motion, 
motion in a right line and motion in a circle, and the like. 
The why of motion had been the object of study and the 
study had proceeded in qualitative and substantive terms, with 
'■ Galileo now it is the how of motion that becomes the object 
of analysis, and that by the method of exact mathematics. 

■ Obviously, the teleological terminology of the scholastics 
was no longer serviceable, and the lucid mind of Galileo per¬ 
ceived the necessity of developing a new terminolo^ which 
would express the process of motion itself and that in such a 
manner as to give mathematics a foothold in the phenomena. 
This was to him, of course, an essential part of the first step 
in his scientific method, the intuitive perception in a group of 
facts, of such elements as, quantitatively combined, woidd 
produce the facts observed. In this gigantic task he found very 
help offered in the labours of earlier and contemporary 
'mathematicians. Astronomy, to be sure, had always been re¬ 
garded as a branch of applied geometry, hence motion was 
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recognized already as a geometrical conception. The work of 
Copernicus had intensified the mathematical study of motion, 
a result noticeable for example in the great interest excited 
gmrmg g mmetera of the time in various figures generated 
curious observed motions. The properties of the cycloid ^ 
attacked by almost all the leading geometers of the pe 
those supposedly interested in pure mathematics as wel, 
those. like Galileo and Torricelli, who were more particular!;^ 
absorbed in mechanics. But Galileo’s problem was nothing lets 
than the creation of a new mathematical science to replacej 
the iHaaligtie physics of the scholastics. Naturally enough, thj 
principle on which he developed the new terminology was tlif 
conservative one of taking terms of common parlance whi^ j 
as yet had had no precise significance, such as force, resistonc;! 
moment, velocity, acceleration, and the like, and giving thenP 
an exact mathema tical meaning, i.e., defining them in such 
way that they could take their place beside the definitions . 
lines, angles, curves, and figures, that mathematicians v ?; 
already familiar with- Of course, Galileo neither recogni; 
this need nor satisfied it in the completely systematic fashion 
that we diould like, even the great Newton was not above 
some confusion and error in this respect.^Galileo offers the 
new definitions as he sees need for them, and in many cases 
the precise me aning must be gathered from his use rather than 
from any specific statement. But from his new terminology 
certain supremely important consequences follow for the met*,^ 
aphysics of modem science. 

First of all, the mathematical study of the how of motioii| 
inevitably thrusts into prominence the concepts of space ana 
time. When we subject any case of motion to mathematical 
treatment we analyse it into certain units of distance coverei| 
in certain units of time, This had been recognized in a rudil 
mentary fashion by the ancients as far as astronomy was con 
cerned; to trace any planetary motion in the geometry' of tW 
heavms by mathematical methods meant correlating 
successive positions of the planet on the celestial sphere wW 
certain positions in the apparently regular succession 
I seasons, days, and hours, which were the accepted measf 
of time. But all this remained a thing apart from the m> g 
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!t)hysical ideas of the ancients, for the latter, being shaped 
largdy by considerations of man’s life and interests, was 
worked out, as already noted, in quite a different terminology. 

i^ger implications of the possibility of analysing motion 
S w^t itarivRly into space and time were not glimpsed, and ul- 
l^l'Sle questions about the nature of the latter were raised in 
connexi ons , It must be remembered that the qualita¬ 
tive, as opposed to the quantitative method in the physics of 
' Aristotle and scholasticism, not only made space and time very 
' unimportant, but in the case of the former at least led to a 
jdefinition fundamentally at variance with that given by the 
^atonists and Pythagoreans and rather more suited to the 
'"rjiathematical method. According to Aristotle space is not 
Ji^mething underlying all objects so far as they are extended, 
Rtomething occupied by them; it is the boundary between any 
' .bject and those which enclose it. The object itself was a quali- 
'.^t>tive substance rather than a geometrical thing. The habits 
j -, '-s thinking encouraged by this aspect of the Aristotelian 
u sysics could be overcome only slowly by the new science; 
pdople could not at once accustom themselves to the thought 
that objects and their relations were fundamentally mathe- 
^tical. For this, however, the revival of Neo-Platonism and 
the mathematical advances of the age culminating in the Coper- 
• fficati astronomy had contributed. Physical space was assumed 
to be identical with the realm of geometry, and physical mo- 
tlon was acquiring the character of a pure mathematical con¬ 
cept. Hence in the metaphysics of Galileo, space (or distance) 
(!Wd tima become fundamental categories. The real world is 
tfe world of bodies in mathematically reducible motions, and 
this means that the reed world is a world of bodies moving in 
Ispace and time. In place of the teleological categories into 
j,which scholasticism had analysed change and movement, we 
^ow have these two formerly insignificant entities given new 
..jtoeanings as absolute mathematical continua and raised to the 
of . ultimate metaphysical notions. The real world; to re- 
ll^iat, i^ ai world of mathematically measurable motions in space 
iv-id time.' 

mi,W ith respect to time, there are features in Galileo’s work of 
-jMrticular significance for modern meta^ysics. To discuss 
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events in terms of space or distance was to assign a new 
importance and dignity to a characteristic that had been re¬ 
garded as merely accidental by the scholastics and to give it a 
new definition for those whose physical thinVing had been cgr^ 
trolled by Aristotle-to be sure, an important transforms® 
enough because it made the world of nature infinitR instead of 
finite—but in the case of time the thought-revolution went 
much deeper. Not that a new definition of it was particularly 
needed—the conception of time as the measure of motion, 
common to practically all parties among previous philoso¬ 
phers, was sufficiently serviceable still-but the substitution q£ 
the entity for the old categories of potentiality and n'^t uaW 
involved a radically new view of the universe, a view wK-h . 
that the very existence of a being like man became on^ 
enormous pu^e. f 


In the course of ancient philosophy previous to Aristotle 
change (including, of course, motion) had been either 
neglected, reluctantly admitted, or apotheosized; it had not, 
been rationally explained. Aristotle offered his analysis of 
events in terms of potentiality and actuality as a means of 
reducing change to intelligibility. This signal achievement be¬ 


came the conunon possession of most important thought- 
movements since his day, especially when the victory of re¬ 
ligious interests kept the mystical experience of the devout 
worshipper in the forefront of attention. Most remarkably 
did this method of analysis permit a logical continuity to ap¬ 
pear between the transformation of the acorn into the oak orw 
the oak into a table, and the union with God in tlie religioH^ 
ecstasy, where man, the highest in the hierarchy of forniet- 
matter, came in blissful contact with Pure Form or Absolute 
Actuality. When medieval philosophers thought of what we 
call the temporal process it was this continuous transforma- 
hon of potentiality into actuality that they had in mind, a trans¬ 
formation whi* culminated in those ravishing moments when 
the overpowering virio Dei was vouchsafed to some pious and 
trembtog mortal. God was that One who eternally exists, aW 
eVCT draws into movement by his perfect beauty all thatla 
potenbally the bearer of a higher existence. He is the divine! 

^Mmony of all goods, conceived as now realized in ideal 
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activity, eternally present, himself unmoved, yet the mover of 
all change. To put this in modern terms, the present exists un¬ 
moved and continually draws into itself the future. That this 
wunds absurd to our ears is because we have followed Galileo 
and banished man, with his memory and purpose, out of the 
real world. Consequently time seems to us nothing but a meas¬ 
urable continuum, the present moment alone exists, and that 
moment itself is no temporal quantity but merely a dividing 
line between the infinite stretch of a vanished past and the 
equally infinite expanse of the untrodden future. To such a 
ivlew it is impossible to regard the temporal movement as the 
\bsoiption of the future into the actual or present, for there 
really is nothing actual. All is becoming. We are forced to view 
the movement of time as passing from the past into the future, 
the present being merely that moving limit between the two. 
Time as something lived we have banished from our meta¬ 
physics, hence it constitutes for modem philosophy an un- 
^ solved problem. The fact that man can think in the present of 
'k past happening seems a strange matter to modern specula¬ 
tors, requiring to be accounted for, and even M. Bergson, 
doughty champion, though he is of time lived, can present it 
only in terms of an ever self-multiplying snowball, a notion 
which would make a modem physicist gnash his teeth and a 
medieval scholastic gasp in amazement.BB We forget that we 
are no longer part of the real world of modern metaphysics 
and that time as a measurable continuum—the dividing line of 
the present moving in regular and solrann silence from the dead 
]nast into the unborn future—is a notion whose ultimate meta- 
^ysical validity is conditioned upon making our exclusion per¬ 
manent. If we are a part of the world, then the t of physics 
must become but a partiai element in real time, and a more 
inclusive philosophy thus rewon mi^t again consider the 
evidence in favour of attributing movement to the future 
rather than to the present, while the idea of the past as dead 
and vanished might be consigned to oblivion with other curious 
^^cs of an over-mechanical age. 

*-89 Cf. Broad’s attempt to introduce fliis notion into physics— 
Scientific Thought, Part I, Ch. 2. Some hints of a return to 
Aristotelianism are present. 
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But now we are observing the birth of that age. Instead of a 
process of actualization of potentiality we have time, a mathe¬ 
matically measurable duration. This further insistence, that the 
tempor^ty of motion is reducible to terms of exact mathe^ 
matics, has also been of fundamental importance—it melfls* 
that time for modem physics becomes nothing more than an ' 
irreversible fourth dimension. Time, like a spatial dimension, 
can be represented by a straight line and co-ordinated with 
spatial facts similarly represented.^*) Galileo’s exact study of ; 
velocities and accelerations forced him to devise a simple tech¬ 
nique for the geometrical representation of time, which was 
fairly adequate to the truths he sought to illustrate. With hin^n 
the physical world begins to be conceived as a perfect machine 
whose future happenings can be fully predicted and controlled^' 
by one who has full knowledge and control of the present ] 
motions. With man eliminated from the real world, the latter 
appeared bound by mechanical necessity. T hinking was started i 
on that current which led nearly two centuries later to the 
famous remark of Laplace, that a superhuman intelligence 
acquainted with the position and motion of the atoms at any 
moment could predict the whole course of future events. To 
hypothesize such an intelligence in a world whose present is 
nothing but a moving mathematical limit between past and 
future—in fact, the existence of any intelligence, reason, knowl¬ 
edge, or science in such a world—strikes one as something of 
an anomaly; however, modern metaphysicians, struggling des¬ 
perately with the simpler difficulties presented by the new view 
of space, have had little time or energy to attack more pM® 
plexing scandals in the current notion of time. After all/^ > 
was a marvellous attainment for Galileo to have discovered 
that there was something in time that could be fully treated 
mathematically. In this aspect of his work there lay behind 
him the growing accuracy through the centuries of astronom¬ 
ical predictions, which had just made a marvellous leap in the 
labours of T^cho Brahe. Thinkers were now familiar enoughi 
with the idea of the exact measurement of motion for a geniuj 
to take the final step and discover mathematical time. Of GalJ! 

Two New Sciences, p. 265. 
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fleo’s own inventions for the more exact temporal measure- 
ment of motion, mention has already been made. 

We have had occasion to note above how Galileo’s dv- 
f^lW^cal mvestigations taught him that physical bodies posses 
qualities, other than the traditional geometrical ones, which 
are capable of mathematical expression. To be sure these 
qualitiM only reveal themselves in differences of motion, but 
toese differences are specific and themselves mattiemafipci i 
henra it is advantageous to give them precise quantitative def- 
mitions. Thus appear the prime concepts of modem physics as 
^tmct from geometry, such as force, acceleration, momen- 
lain, velocity, and the rest. The degree with which Galileo 
anticipated the full Newtonian conception of maas has been 
r hotly debated by historians of science—for our purpose it is 
hardly necessary to enter the lists. His work with falling bodies 
I woifld hardly have forced him to such a conception, for all 
bodies fall with the same acceleration. More probably his 
^periments on horizontal struts of various sizes and propor¬ 
tions, where differences of weight cause marked variations in 
the results, were the principal cause of his realization that 
bo^es possess a characteristic, somehow connected with 
weight and with experienced resistance, that is capable of 
mathematical treatment.^^ This characteristic was not closely 
allied in his mind with the first law of motion, which (in his 
unsystematic statement of U) was a general corollary from the 
^ fact that forces always produce accelerations in bodies rather 
,^an simple velocities. Galileo was a pioneer in most of these 
tj,nPdtters—it is hardly fair to ask of him either much in achieve¬ 


ment or unimpeachable consistency. In anticipation of 
Descartes, however, it is important to note in Galileo the 
realization that the exact mathematician can hardly be satisfied 
with motion as a blanket term of explanation, or with the 
general possibility of its mathematical expression. Bodies, 
geometrically equal, move differently when placed in the same 
position relative to the same other bodies. Galileo’s thought 
^was not clear on this point, but he perceived diml y that unless 
these differences can be so expressed that all motions become 


Two New Sciences, p. 2, ff., 89. 
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susceptible of exact quantitative treatment, our ideal of a 
complete mathematical physics has not been attninpj 


E, The Natoe of Causality—God and 
the Physical World—^Positivism 

With what positive conception of causality did Galileo re¬ 
place the rejected teleology of the scholastics? Here again we 
meet a doctrine of most profound significance for modemi 
thought. We have noted in Kepler the translation into maflyW' 
matical terms of the scholastic formal cause; the cause of the 
observed ^ects is the mathematical beauty and harmony dis-« 
coyerable in them. This idea of causality, however, could not 
satisfy Galileo. His thought moved in dynamical rather than 
formal term; ^ermore Kepler had been dealing with fairly 
simple and uniform motions, in whose case it was easy not to. 
looK for much more than a formal cause; whereas Galileo wa/ 
primarily concerned with accelerated motions, and these 
always presuppose (according to his terminology) some force 
or forces as cause. Hence the cause of every motion which is 
not simple and uniform must be expressed in terms of force. 

“to tois conception, it is imperative to; 

of primary and secondary 
“an from the real world, and 

by this whole revolution. Medieval philosophy, attemptme tr4 

how, and thus stressmg the principle of final causality (for the 

^. 1 . •” *1™" i« rf 

S was th appropriate conception of God, 

S herr * hierarchy of the Aristotelian forms, 

S reahJld^ “ ““ intermediate 

?tei oS >®«®^ explained Sly1 

n terms of the eternal quest for union with God. Now with 
the superstructure from man up banished from Ihe^im^^ 
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realm, which for Galileo is identified with material atoms in 
their mathematical relations, the how of events being the sole 
^ object of exact study, there had appeared no place for final 
||f^usality whatsoever. The real world is simply a succession of 
atomic motions in mathematicBl continuity. Under these cir* 
cumstances causality could only be intdll^bly lodged in the 
motions of the atoms themselves, everything that happens be¬ 
ing regarded as the effect soMy of mathematical changes in 
these material elements. The connexion of this with the pri¬ 
mary-secondary doctrine we have already observed, where 
Galileo had some support for his position in Kepler’s work 
^ in the views traditionally ascribed to the ancient atomists. 

- But what in the world shoidd be done with God? With final 
‘causality gone, God as Aiistotdianism had conceived him was 
quite lost; to deny him outright, however, at Galileo’s stage 
of the game, was too radical a step for any important thinker 
to consider. The only way to keep him in the universe was 
^ invert the Aristotelian metaphysics and regard him as the 
First Efiicient Cause or Creator of the atoms. This view had 
been already vaguely wandering about in some corners of 
Europe, adopted probably from a few Arab speculators who 
■had thus endeavoured to reconcile atomism with Moham¬ 
medan theism,*^ It also fitted admirably in many respects with 
the popular Christian picture of God originally constructing 
the world out of nothing. God thus ceases to be the Supreme 
Good in any Important sense; he is a huge mechanical in- 
, ventor, whose power is appealed to merely to account for the 
appearance of the atoms, the tendency becoming more 
more irresistible as time goes on to lodge all further 
causality for whatever effects in the atoms themselves. In Gal¬ 
ileo, however, this step is not clearly taken. There seemed to 
be some present invisible reality which produced the observed 
acceleration of bodies. Atomic motions ace treated merely as 
secondary causes of events, the primary or ultimate causes 
l^ieing conceived always in terms of force.^® 

Windleband, History of Philosophy (Tufts transla¬ 
tion) , New York, 1907, p. 317. 

M Two Great Systems, pp. 381,407. 
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“There can be but one true and primary cause of the effeci 
that are of the same kind,” and between this primary caus 
Md Its various effects there is a firm and constant connexior 
He means by these statements that for every distinct type^ 
mathematicaUy expressible motion there is some prknS 



cause, or indestrucUble force, which can always be depended 

T " Characteristics 

identity, uniformity, and simplic-. 
featu^ essential to them if their effects are to be 
'■ “ 

” immediate causes on the other hand are al-t 

to or bring 

inle ®°'^tos at rest, for J- 

S haJSh- motion; for that there 

must have been some prior motion or combination of motionsi 

‘ to to® proper sense to K 

called cause, at whose presence the effect always follows, an^ 

** Cf. Two New Sciences, p. 95, fif. 
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at whose removal the eflEect disappears.”** Furthermore any 
alteration in the effect can only be due to the presence of 
some new fact in the motion or motions which constitute the 
cause. This side of Galileo’s doctrine of causality was destined 
f^ a most fruitful development; occasionally, in fact, in his 
own work he deprecated confusing the study of the properties 
of accelerated motions with discussions about the forces which 
cause them.*® And when the concept of work performed be¬ 
came fundamental in physics, largely due to the achievements 
of Huyghens, all was ready for the final doctrine, already im- 
.plicit in the whole movement, that causes and effects for scl- 
.^ce are both motions, and the cause is mathematically equiv¬ 
alent to the effect in terms of work. In more popular parlance 
we have the postulate of the conservation of energy, energy 
being always revealed in the form of motion. The conception 
of the world as a perfect machine is thus rendered inevitable, 
and it is no accident that first in Huyghens and (in a more 
philosophical form) in Leibniz we have this position unequivo- 
Ssally proclaimed. This was closely allied to the new idea of 
time os a mathematical continuum, and its contrast with the 
scholastic analysis of causality could hardly have been greater. 
Instead of causal explanation in terms not unsuited to a meta¬ 
physic which regarded man as a determinative part of nature 
and a link between matter and God, we now, after bis banish¬ 
ment from the real world, explain causality solely in terms of 
forces revealing themselves in the mathematically expressible 
motions of matter itself. 

'A But what, now, is the nature of these ultimate forces which 
j^eal themselves in the vast system of motions constituting 
the real world? Can we find Galileo attempting to answer this 
question, much of the medieval metaphysics which has now 
been deported may be able to re-enter. But here is the last 
evidence of Galileo’s revolutionary greatness. In an age when 
uncontrolled speculation was the order of the day we find a 
man with sufficient self-restraint to leave certain ultimate 
liquestions unsolved, as beyond the realm of positive science. 

■*»Opere,IV,216. 

*® Two New Sciences, p. 166, ff. 
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This touch of agnosticism in Galileo strikes one fnmiHgr with 
thought-cmrents of his generation as a mark of genius superior 
CTen to his marvellous constructive achievements. To be sure, 
it was not as thorou^going as agnosticism became late^^ 
Galileo never thought of denying an ultimately rdlgious m-' 
swer to the problems of the universe^-but it was enough to 
save science her opportunity for further stupendous victories 
in the mathematical interpretation of the world; it forbade 
inan to gratify his animistic weaknesses at the expense of the 
rigorous mathematical character of reality, and it plunged 
modern metaphysics into the most curious embarrassments- 
According to Galileo, we know nothing about the innp.r natuji' 
or essence of force, we only know its quantitative effects in 
terms of motion. 

Salv. [Galileo’s spokesman]. . if he will but assure 
me, who is the mover of one of these movables [Mars and 
Jupiter], I wiU undertake to be able to tell him who maketh 
the earth to move. Nay, more; I wiU undertake to be ahJt- 
to do the same if he can but teU me, who moveth the parti 
of the earth downwards.” .1 

Simp. «The cause of this is most manifest, and every one 
knows that it is gravity,” 

Salv. ". . . you should say that every one knows that il 
IS called gravity; but I do not question you about the name, 
but about the essence of the thing ... not as if we reahy 
understood any more, what principle or virtue that is, which 
moveth a stone downwards, than we know who moveth ft 
upwards, when it is separated from the projicient, or 
moveth the moon round, except only the name, which 
particularly and properly we have assigned to all motion of 
descent, namely gravity.” I 


In his discussion on the tides he severely criticizes Kepler 
for raping the moon’s influence on the tides in terms that 
s^d like the occult qualities of the scholastics, judging itJ 
better for people “to pronounce that wise, ingenious, a^ 


Two Great Systems, pp. 385,424. ^ 

Two Great Systems, p. 210, ff. 
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modest sentence, ‘I know it not,* ” rather than to "suffer to 
escape from their mouths and pens aU manner of extrava- 
pnces.” « Galileo was by no means consistent in this positiv- 
• ijm. In some cases he allowed his own speculations to run 
rampant. He did not hesitate to explain the spots on the sun 
as black smoke given off by the ethereal pabulum which the 
sun IS continually devouring in constant supply in order to 
continue spreading light and heat; nor to account for the mira¬ 
cle of JoshuaBO by supposing, with Kepler, that the planetary 
revolutions on their axes were caused by the sun’s revolution on 
'to, hence a temporaiy cessation of the latter might explain the 
ifoppage of the former. It is difficult to teU, however, whether 
such a remark was meant for more than religious consumption. 
Yet that this positivistic trend in his thought was something 
vital is amply proved by the fact that at times even the funda¬ 
mental questions of the creation of the universe and its first 
cause he is tempted to relegate to the realm of the unknown, 
^ least until, on the basis of the positive achievements of 
mechanics, we find it possible to proceed to their 

. . Profound considerations of this sort belong to a higiiBr 
science than ours. We must be satisfied to belong to that class 
of less worthy workmen who procure from the quarry the 
marble out of which, later, the gifted sculptor produces those 
masterpieces which lay hidden in this rou^ and shapeless ex¬ 
terior.” 


It is difficult indeed to leave Galileo without pausing a mo¬ 
ment to reflect on the simply stupendous achievements of the 
Igj^an. The space at our disposal forbids such supererogatory 
disquisitions, but just consider that the history of thought Tnnci 
turn to this single individual as the one who, by RYpprimpni Qi 
disproof, overthrew a hoary science, who confirmed by sensible 
facts a new theory of the universe that hitherto had rested 
on a priori grounds alone, who laid the foundations of the 
most stupendous intellectual conquest of modem times, the 


1 


Two Great Sciences, p. 406, ff. 
B® Letter to the Grand Duchess. 
B^JTwo New Systems, p. 194. 
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ninthp.TnatiRa1 science of physical nature; and then, as if these 
accomplishments were not enough, we must turn to him like¬ 
wise as the philosopher who sufficiently perceived the larger 
implications of his postulates and methods to present in out¬ 
line a new metaphysic—a mathematical interpretation of tSe | 
universe—to furnish the final justification for the onward 
march of mechanical knowledge. Teleology as an ultimate ' 
principle of explanation he set aside, depriving of their foun¬ 
dation those convictions about man’s determinative relation to ' 
nature which rested upon it. The natural world was portrayed 
as a vast, self-contained mathematical machine, consisting ofi 
motions of matter in space and time, and man with his pi^ 
posesj feelings, and secondary qualities was shoved apart as an 
unimportant spectator and semi-real effect of the great mathe-1 
matical drama outside. In view of these manifold and radical 
performances Galileo must be regarded as one of the massive 
intdlects of all time. In every single respect of importance he 
broke the ground or otherwise prepared the way for the only 
two minds in this advancing current of thought comparablf 
to his own-Descartes and Sir Isaac Newton. 



chapter IV. DESCARTES 


Descartes’ importance in this mathematical movement wns 
twofold; he worked out a comprehensive hypothesis in detail of 
^e mathematical structure and operations of the material 
universe, with clearer consciousness of the important implica* 
t tions of the new method than had been shown by his predeces¬ 
sors; and he attempted both to justify and atone for the read¬ 
ing of man and his interests out of nature by his famous 
metaphysical dualism. 

While still in his ’teens, Descartes became absorbed in 
Snathematical study, gradually forsaking every other interest 
for it, and at the age of twenty-one was in command of all 
that was then known on the subject, During the next year or 
two we find him performing simple experiments in mechanics, 
hydrostatics, and optics, in the attempt to extend mathemati¬ 
cal knowledge in these fields. He appears to have followed the 
more prominent achievements of Kepler and Galileo, though 
without being seriously afiected by any of the details of their 
scientific philosophy. On the night of November 10th, 1619, 
had a remarkable experience which confirmed the trend of 
his previous thinking and gave the inspiration and the guiding 
principle for his whole life-work.^ The experience can be com¬ 
pared only to the ecstatic illumination of the mystic; in it the 
Angel of Truth appeared to him and seemed to justify, through 
added supernatural insight, the conviction whidh had already 
been deepening in his mind, that mathematics was the sole 
key needed to unlock the secrets of nature. The vision was so 

^ An admirable account of this event in the light of the avail- 
'able sources, with critical comments on the views of other 
Cartesian authorities, is given in Milhaud, Descartes savant, 
Paris, 1922, p. 47, ff. 
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vivid and compeUing that Descartes b later years could refer 
to that precise date as the occasion of the great revelation 
that marked the decisive pobt b his career. 


A. Mathematics as the Key to Knowledge 

The first btensive studies mto which he plunged after this 
unique experience were b the field of geometry, where he was 
rewarded within a very few months by be signal bvention of ^ 
new and most fruitful mabematical tool, analytical geometj|p' 
This great discovery not only confirmed his vision and spurred 
him on to furber efforts b be same directbn, but it was^ 
highly important for his physics generally. The existence and 
successful use of analytical geometry as a tool of mabematical 
exploitation presupposes an exact one-to-one correspondence 
between be realm of numbers, i.e., aribmetb and algebra, 
and be realm of geometry, U., space. That bey had be® 
related was, of course, a common possession of all mathemati¬ 
cal science; bat beir relation was of bis explicit and absolute 
correspondence was an btuition of Descartes. He perceived 
bat be very nabre of space or extension was such that its 
relations, however complicated, must always be expressible in 
algebraic formulae, and, conversely, that numerical trubs 
(withm certam powers) can be fully represented spatially. As 
one not unnatural result of bis notable bvention, the hope 
deepened b Descartes' mbd bat the whole realm of physVf 
might be reducible to geometrical qualities alone. Whatei^ 
else be world of nature may be, it is obviously a geometrical 
world, its objects are extended and figured magnitudes in mo¬ 
tion. If we can get rid of all ober qualities, or reduce them to 
bese, it is dear bat mabematics must be be sole and ade¬ 
quate key to unlock be trubs of nature. And it was not a 
violent leap from be wish to be bought. . 

Durbg the followbg ten years, besides his numerous travelii 
Descartes was engaged b furber mabematical sbdies, whichl 
were written down toward the end of this period, and he was’ 
also wprkbg out a series of specific rules for be application 
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of his all-consuming idea. In these rules we find the conviction 
expressed that all the sciences form an organic unity,^ that 
all must be studied together and by a method that applies to 
l. all.^ This method must be that of mathematics, for all that 
'^e know in any science is the order and measurement revealed 
in its phenomena: now mathematics is just that universal sci¬ 
ence that deals with order and measurement generally.^ That 
is why arithmetic and geometry are the sciences in which sure 
and indubitable knowledge is possible. They “deal with an ob¬ 
ject so pure and uncomplicated that they need make no as- 
, sumptions at all that experience renders uncertain, but wholly 
\^nsist in the rational deduction of consequences.” ^ This does 
not mean that the objects of mathematics are imaginary en¬ 
tities without existence in the ph3rsical world." Whoever denies 
that objects of pure mathematics exist, must deny that anything 
geometrical exists, and can hardly maintain that our geometri¬ 
cal ideas have been abstracted from existing things. Of course, 
there are no substances which have length without breadth or 
^breadth without thickness, because geometrical figures are not 
substances but boundaries of them. In order for our geometri¬ 
cal ideas to have been abstracted from the world of physical 
objects, granted that this is a tenable hypothesis, that world 
would have to be a geometrical world-one fundamental char¬ 
acteristic of it is extension in space. It may turn out that it 
possesses no characteristics not deducible from this. 

Descartes is at pains carefully to illustrate his thesis that 
exact knowledge in any science is always mathematical knowl- 


^ge. Every other kind of magnitude must be reduced to math¬ 
ematical terms to be handled efiectively; if it can be reduced 
to extended magnitude so much the better, because extension 
can be represented in the imagination as well as dealt with by 


"The Philosophical Works of Descartes, Haldane and Ross 
translation, Cambridge, 1911, Vol. I, p. 1, ff., 9. 

»Vol.I,p. 306. 

MVol.I,p.l3. 

»Vol. I, p. 4, ft. 

»Vol.n,p.227. 
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the intellect. “Thou^ one thing can be said to be more oi 
less white than another, or a sound sharper or flatter, and so 
on, it is yet impossible to determine exactly whether the greater 
exceeds the less in the proportion two to one, or three to one, 
etc., unless we treat the quantity as being in a certain 
analogous to the extension of a body possessing figure.” ? 
Physics, as something different from mathematics, merely de- ' 
termines whether certain parts of mathematics are founded 
on anything real or not.^ 

What, now, is this mathematical method for Descartes in 
detail? Faced with a group of natural phenomena, how is the 
scientist to proceed? Descartes’ answer early in the Rules is ^ 
distinguish two steps in the actual process, intuition and of- 
duction, “By intuition I understand ... the conception which, 
an unclouded and attentive mind gives us so readily and dis¬ 
tinctly that we are wholly freed from doubt about that which 
we understand."^ He illustrates this by citing certain funda¬ 
mental propositions such as the fact that we exist and think, 
that a triangle is bounded by three lines only, etc. By deducting 
he means a chain of necessary inferences from facts intuitively 
known, the certitude of its conclusion being known by the in¬ 
tuitions and. the memory of their necessary connexion is 
thought.^** As he proceeds further in the Rules, however, he 
realizes the inadequacy of this propositional method alone to 
yield a mathematical physics, and introduces the notion of 
simple natures, as discoveries of intuition in addition to these 
axiomatic propositions.^^ By these simple natures he means 


such ultimate characteristics of physical objects as extension^ 
figure, motion, which can be regarded as producing the ph& 
nomena by quantitative combinations of their units. He notes 


that figure, magnitude, and impenetrability seem to be neces¬ 
sarily involved in extension, hence the latter and motion ap- 


’■VoI.I,S6. 

8Vol.I,62. 

BVol.1,7. 

wVol.1,8,45. 

iiVol.I,42,ff. 
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pear to be the final and irreducible qualities of things. As he 
proceeds from this point he is on the verge of most far-reach¬ 
ing discoveries, but his failure to keep his thouglit from wan¬ 
dering, and his inability to work out the exceedingly pregnant 
^ggestions that occur to him make them barren for both his 
own later accomplishments and those of science m general. 
Bodies are extended things in various kinds of motion. We want 
to treat them mathematically. We intuit these simple natures 
in terms of which mathematical deductions can be made. Can 
we formulate this process more exactly, with special reference 
to the fact that these simple natures must make extension and 
potion mathematically reducible? Descartes tries to do so, but 
at the crucial points his thou^t wanders, and as a conse¬ 
quence Cartesian physics had to be supplanted by that of the 
Galileo-Newton tracUtion. What are those features of exten¬ 
sion, he asks, that can aid us in setting out mathematical 
difierences in phenomena? Three he offers, dimension, unity, 
and figure. The development of this analysis is not clear,^^ but 
Happarently a consistent solution of his idea would be that unity 
is that feature of things which enables simple arithmetic or 
geometry to gain a foothold in them, figure that which con¬ 
cerns the order of their parts, while dimension is any feature 
which it is necessary to add in order that no part of the facts 
shall have escaped mathematical reduction. “By dimension 1 
understand not precisely the mode and aspect according to 
which a subject is considered to be measurable. Thus it is not 
merely the case that length, breadth, and depth are dimensions, 
"but weight also is a dim ension in terms of which the heaviness 
objects is estimated. So, too, velocity is a dimension of 
motion, an d there are an infini te number of similar instances.” 
This conception of weight, velocity, etc., as further mathemati¬ 
cal dimensions akin to length, breadth, and depth, except that 
they are dimensions of motion rather than of extension, har¬ 
boured enormous possibilities which were entirely unrealized 
either in Descartes or in the work of later scientists. Had he 
Succeeded in carrying the thought through) we might to-day 
4 think of mass and force as mathematical dimensions rather 


i2Vol. I, 61, ff. 
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than physical concepts, and the cunent distinction between 
piathpmntira and the physical sciences might never have been 
made. It mi ehr be taken for granted that all exact science is 
mathematical-that science as a whole is simply a larger math-, 
ematics, new concepts being added from time to time in ter^ 
of which more qualities of the phenomena become mathe¬ 
matically reducible. In this sense he might have converted the 
world to his doctrine at the end of the second book of the 
Principles,^ that all the phenomena of nature may be ex¬ 
plained by the principles of mathematics and sure demonstra¬ 
tions given of them. There are passages in bis later works in 
which he still seems to be thinking of weight as a dimensio^ 
of motion. He criticizes Democritus for asserting gravity 
be an essential characteristic of bodies, “the existence of which , 
1 deny in any body in so far as it is considered by itself, 
because this is a quality depending on the relationship in re¬ 
spect of situation and motion which bodies bear to one an¬ 
other.” In general, however, he tended to forget this sig¬ 
nificant suggestion, and we find him denying weight as a parfii' 
of the essence of matter because we regard fire as matter in 
spite of the fact that it appears to have no weight.^® It has 
apparently slipped his mind that he once conceived of such 
(Merences as Aemselves mathematical. 

The fact is, Descartes was a soaring speculator as well as a 
mathematical philosopher, and a comprehensive conception of 
the astronomico-physical world was now deepening in his 
mind, in terms of which he found it easy to make a rather, 
brusque disposal of these qualities which Galileo was try^^ 
to reduce to exact mathematical treatment, but which co^ 
not be so reduced in terms of extension alone. This scheme 
was in effect to saddle such qualities upon an unoffending 
ether, or first matter, as Descartes usually calls it, thereby 
making it possible to view the bodies carried about in this 
ether as possessing no features not deducible from extension. 

Principles of Philosophy, Part II, Principle 64. 

Principles, Part IV, Piinciple202. 

“ Principles, Part II, Principle 11. 
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Descartes’ famous vortex theory was the final product of this 
vigorous, all-embracing speculation. Just how did he reach it? 

■V 

B. Geometrical Conception of the Physical Universe 

We have noted the biographical reasons for Descartes’ hope 
that it would be possible to work out a physics which required 
no principles for its completion beyond t^se of pure mathe- 
' matics; there were also certain logical prejudices operating, 
\uch as that nothing cannot possess extension, but wherever 
mere is extension there must be some substance.^^ Further¬ 
more, as for motion, Descartes had been able to account for 
it in a manner which fairly satisfied him; God set the extended 
things in motion in the beginning, and maintained the same 
quantity of motion in the universe by his “general con¬ 
course,” which, confirmed by more immediately conceived 
'^distinct ideaSi meant that motion was just as natural to a 
body as rest, Le., the first law of motion. Since the creation : 
then, the world of extended bodies has been nothing but a \ 
vast machine. There is no spontaneity at any point; all con¬ 
tinues to move in fixed accordance with the principles of ex¬ 
tension and motion. This meant that the universe is to be con¬ 
ceived as an extended plenum, the motions of whose several 
parts are communicated to each other by immediate impact. 
There is no need of calling in the force or attraction of Galileo 
account for specific kinds of motion, still less the “active 
pbwers” of Kepler; all happens in accordance with the regu¬ 
larity, precision, inevitability, of a smoothly running machine. 

How could the facts of astronomy and of terrestrial gravi¬ 
tation be accounted for in a way which would not do havoc 
with this beautifully simple hypothesis? Only by regarding the 
objects of our study as swimming helplessly in an infinite 
ether, or “first matter,” to use Descartes’ own term, which, 
li^being vaguely and not at all mathematically conceived, Des- 

s 

■ ^®PWncipies, Part II, Principles 8,16. 

Principles, Part II, Principle 36. 
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cartes was able to picture as taking on fonns of motion that 
rendered the phenomena explicable. This i^ary matter, 
forced into a certain quantity of motion divinely bestowed, 
falls into a series of whirlpools or vortices, in which the v isiMe ; 
bodies such as planets and terrestrial obj^ are carr^ 
around or impelled toward certain central points by the laws 
of vortical motion. Hence the bodies thus carried can be con- 
ceived as purely mathematical; they possess no qualities but 
those deducible from extension and free mobility in the sur¬ 
rounding medium. Verbally, to be sure, Descartes made the ■ 
same claim for the first matter itself, but it was the world of j 
physical bodies that he was eager to explain, hence in terms ! 
this hypothesis he imagined himself to have realized the great 
of his life in the achievement of a thoroughly geo- ^ 
metrical physics. What he did not appreciate was that this 
speculative success was bought at the expense of loading upon 
the primary medium those characteristics which express them¬ 
selves in gravitation and other variations of velocity ^the char¬ 
acteristics in a. word which GaUleo was endeavouring to expresi^' 
mathematically, and which Descartes himself in his more ex¬ 
act mathematical mood had conceived as dimensions. This 
procedure did not at all drive them out of the extended realm 
but merely hid under cover of vague and general terms the 
problem of their precise mathematical treatment. To solve 
that problem, Descartes’ work had to be reversed, and the 
Galilean concepts of force, acceleration, momentum, and the 

like, reinvoked. _ _ . 

The unfortunate feature of the situation at this time w^: 
that thinkers were accepting the notion that motion wasii?. 
mntVipmBtical concept, the object of purely geometrical study, 
whereas with the single exception of Galileo, they had not 
come to thinlc of it seriously and consistently as exactly 
reducible to mathematical formulae. Galileo had caught this 
remarkable vision, that there is absolutely nothing m the mo 
tion of a physical body which cannot be expressed in mathe 
matiral terms, but he had discovered that this cm be done 
only by q ttriVmting to bodies certain ultimate qualities beyont 
the merely geometrical ones, in terms of which this full mathe 
matical handling of their motions can take place. Descarte 
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realized well enou^ the facts that underlie this necessity- 
that bodies geometrically equivalent move differently when 
placed in the same position rdadve to the same neighbouring 
htodies-but thinking of motion as a mathematical concep- 
wn in general and not having cau^t the full ideal of its exact 
reduction in a way comparable to his treatment of extension, 
he failed to work out to a clear issue his earlier suggestion of 
wei^t and velocity as dimensions, and turned instead to the 
highly speculative vortex theory, which concealed the causes 
of th""** variations in the vague, invisible medium, md thereby 
•saved the purely geometrical character of the visible bodies. 

\ The vortex theory was, none the less, a most significant 
achievement historically. It was the first comprehensive at¬ 
tempt to picture the whole external world in a way fundamen¬ 
tally different from the Platonic-Aiistotelian-Christian view 
which, centrally a teleological and spiritual conception of the 
processes of nature, had controlled men’s thinking for a millen- 
. nium and a half. God had created the world of physical ex- 
"^tence, for the purpose that in man, the highest natural end, 
the whole process might find its way back to God. Kow Go^ 

. is relegated to-the position of first cause of motion, the ha^ 

; penings of the universe then continuing in leiernum as mci^ 
d ents in the regular revolutions of a great mathematical - 
machine. Galileo’s daring conception is carried out m Mer 
dAt.u The world is pictured concretely as material rather than 
spiritual, as mechanical rather than teleological. The stage is 
set for the likening of it, in Boyle, Locke, and Leibniz, to a big 
"iock once wound up by the Creator, and ance kept m order y 
Motion by nothing more than his “general concourse. 

The theory had an important practical value for DwcartM 
as well. In 1633 he had been on the point of publishing his 
earUest mechanical treatises, but bad been frightened by toe 
persecution of Galileo for his advocacy of the motion of toe 
Lth in the Dialogues on the Two Great Systems. )ust pub- 
lished. As the impact, motion and vortex theory devdoped in 
khis mind, however, he perceived that place and niotion 
^e regarded as entirdy relative conceptions, a doct^e which 
mi^t also save him in the eyes of the Church. As regar^ 
place he had already reached this conviction, defining it m the 
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Rides as “a certain relation of the thing said to be in the place 
toward the parts of the space external to it.” This position 
was reafSimed more strongly still in the Analytical Geometry 
and the Dioptrics, where he states categorically that there jWi 
no absolute place, but only relative; place only remains fixecl 
so lon g as it is defined by our thought or expressed mathe¬ 
matically in terms of a system of arbitrarily chosen co-ordi¬ 
nates.^'’ The fuU consequence of this for a true definition of 
motion is brought out in the Principles, in which, after noting 
the vulgar conception of motion as the “action by which any ! 
body passes from one place to another,”®® he proceeds to.' 
“the truth of the matter,” which is that motion is “the tranf® 
ference of one part of matter or one body from the vicinity ^ 
those bodies that are in immediate contact with it, and whidi 
we regard as in repose, into the vicinity of others.” Inas¬ 
much as we can regard any part of matter as in repose that is 
convenient for the purpose, motion, lilce place, becomes wholly 
relative. The immediate practical value of the doctrine was^ 
that the earth, being at rest in the surrounding ether, could bd*'] 
said in accordance with this definition to be unmoved, though 
it, together with the whole vortical medium, must be likewise 
said to move round the sun. Was this clever Frenchman not 
justified in remarking that “I deny the movement of the earth 
more carefully than Copernicus, and more truthfully than 
Tycho?" 2® 

Now during these years in which Descartes was developing 
the details of his vortex theory and the idea of the extended 
world as a universal machine, he was occupying himself wij| 
still more ultimate metaphysical problems. The conviction tl^ 
his mathematical physics had its complete counterpart in the 
structure of nature was being continually confirmed pragmat- 

Philosophical Works, Vol. I, p. 51. 

“Cf. Dioptrics, Discourse 6 {Oeuvres, Cousin ed., Vol. V, 
p.54,fi.). 

Part n. Principle 24. 

®t Part II, Principle 25. 

Principles, Part HI, Principles 19-31. 
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ically, but Descartes was not satisfied with such empirical 
probabilism. He was eager to get an absolute guarantee that 
his dear and distinct mathematical ideas must be eternally true 
' the physical world, and he perceived that a new method 
would be required to solve this ultimate difficulty. A sense of 
the genuineness and fundamental character of this problem 
appears definitdy in his correspondence early in 1629, and in 
a letter^B to Mersenne, April IS, 1630, we learn that he has 
satisfactorily (to himsdf) solved it by conceiving the mathe¬ 
matical laws of nature as established by God, the eternal in- 
variableness of whose will is deducible from his perfection. 
\The details of this metaphysic are presented in the Discourse, 
the Meditations, and the Principles, where it is reached through 
the method of universal doubt, the famous “cogito ergo sum," 
and the causal and ontological proofs of the existence and per¬ 
fection of God. As regards the subjection of his mental furni¬ 
ture to the method of universal doubt, he had decided ten 
years earlier, as he tells us in the Discourse, to mahe the at- 
'• tempt as soon as he should be adequately prepared for it; now, 
however, the main motive that impels iW to carry it throng 
is no mere general distrust of his own early beliefs, but a con¬ 
suming need to get a solution for this specific problem, We tiiall 
irot follow him through these intricacies, but concentrate our 
attention upon one famous aspect of his metaphysics, the 
dualism of two ultimate and mutually independent entities, 
the res extensa and the res cogitans. 


c. “Res extensa” and “res cogitans” 

In Galileo the union of the mathematical view of nature 
and the principle of sensible experimentalism had left the status 
of the senses somewhat ambiguous. It is the sensible world that 
our philosophy attempts to explain and by the use of the senses 
^ our results are to be verified; at the same time when we com- 

Oeuvres (Cousin ed.), VI, 108, ff. Cf. an interesting treat¬ 
ment of this stage in Descartes biography in Liard, Descartes, 
Paris, 1911. p. 93, ff. 
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plete our philosophy we find ourselves forced to view the real 
world as possessed of none but primary or mathematical char¬ 
acteristics, the secondary or unreal qualities being due to the 
deceitfulness of the senses. Furthermore, in certain cases (m . 
the motion of the earth) the immediate testimony of the sensS 
must be wholly renounced as false, the correct answer being 
reached by reasoned demonstrations. Just what is, then, the 
status of the senses, and how are we specifically to dispose of 
these secondary qualities which are shoved aside as due to the 
illusiveness of sense? Descartes attempts to answer these ques¬ 
tions by renouncing empiricism as a method and by providing 
a haven for the secondary qualities in an equally real thoug^ 
less important entity, the thinking substance. 

For Descartes it is, to be sore, the sensible world about n 
which our philosophizing goes on,®* but the method of correct 
procedure in phfiosophy must not rest upon the trustworthiness 
of sense experience at all. “In truth we perceive no object sudi 
as it is by sense alone (but only by our reason exercised upon 
sensible objects)“In things regarding which there is n^ 
revelation, it is by no means consistent with the character of 
a philos'^p bp. T ... to trust more to the senses, in other words 
to the inconsiderate judgments of childhood, than to the dic¬ 
tates of mature reason.” We are to seek the “certam prin¬ 
ciples of material things ... not by the prejudices of the 
senses, but by the light of reason, and which thus possess m 
great evidence that we cannot doubt of their truth.’ 
Sensations are called “confused thoughts,”®® and therefore^ 
B Misp. as also memory and imagination which depend on i^ 
can only be used as aids to the understanding in ^ain spiW 
cific and limited ways; sensible experiments can decide betw^ 
alternative deductions from the clearly conceived first prm- 


®* Philosophical Works, Vol. I, p. 15. 

2® Principles, Part I, Prindple 73. 

2® Principles, Part I, Principle 76. Cf. also Part H, Principles 
37,20. 

2T Principles, Part HI, Principle 1. 

2® Principles, PartW, Principle 197. 
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ciples; memory and imagination can represent extended cor¬ 
poreality before the mind as a help to the latter’s clear con¬ 
ception of it.^0 It is not even necessary, as a basis for a valid 
lihilosophy, that we alwajn have the sensible experience to 
proceed from; reasoning cannot of course alone suffice to give 
a blind man true ideas of colours, but if a man has once 
perceived the primary colours without the intermediate tints, 
it is possible for him to construct the images of the latter.^o 
Our method of philosophical discovery, then, is distinctly 
rational and conceptual; the sensible world is a vague and con- 
^^ed something, a quo philosophy proceeds to the achievement 
%f truth. Why, now, are we sure that the primary, geometrical. 
qualities inhere in objects as they really are, while the second¬ 
ary qualities do not? How is it that “all other things we con- 
cdve to be compounded out of figure, extension, motion, etc., 
which we cognize so clearly and distinctly that they cannot be 
analysed by the mind into others more distinctly known?” 
iPescartes’ own justification for this claim is that these qualities 
are more permanent than the others. In the case of the piece 
of wax, which he used for illustrative purposes in the second 
Meditation, no qualities remained constant but those of exten¬ 
sion, flexibility, and mobility, which as he observes, is a fact 
perceived by the understanding, not by the sense or imagina¬ 
tion. Now flexibility is not a property of all bodies, hence ex¬ 
tension and mobility alone are left as the constant qualities of 
All bodies as such; they can by no means be done away with 
■’"while the bodies still remain. But, we mi^t ask, are not colour 
mid resistance equally constant properties of bodies? Objects 
change in colour, to be sure, and there are varying degrees of 
resistance, but does one meet bodies totally without colour or 
resistance? The fact is and this is of central importance for 
our whole study, Descartes' real criterion is not permanence 
but the possibility of mathematical handling; in his case, as 
with Galileo, the whole course of his thought from his adoles- 

I ^ Philosophical Works, Vol. I, p. 35, 39, ff. Discourse, Part V. 

■ 80 Vol. I, p. 54. 

81 Vol. I, p. 41. 
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cent studies on had inured him to the notion that we know 
objects only in mathematical terms, and the sole type for hun 
of dear and distinct ideas had come to be mathematical ideas, 
with the addition of certain logical propositions into which l^i 
had been led by the need of a firmer metaphysical basis for his 
achievements, such as the propositions that we exist, that we , 
fViititc etc. Hence the secondary qualities, when considered as 
belonging to the objects, like the primary, inevitably appear to 
his mind obscure and confused »*; they are not a clear field 
for operations. This point cannot be stressed too 

strondy, though we shall not pause over it now. ^ ^ ^ 

But now the addition of such logical propositions as th|^ 
above to the mathematical definitions and axioms, as lUustra- 
tions of dear and distinct ideas, is quite important. It occins m •- 
early as the Rules, and shows already the beginnings of his 
metaphysical dualism. No mathematical object is a mote co¬ 
gent item of knowledge than the “cogito ergo sum"; we can 
turn our attention mward, and abstracting from the whole 
tended world, note with absolute assurance the existence of a 
totally different kind of entity, a thinking substance. Whatever 
may be the final truth about the realm of geometrical bodiw, 
still we know that we doubt, we conceive, we affirm, we will, 
we imagine. , we fed. Heuce when Descartes directed his en¬ 
ergies toward the construction of a complete metaphysic, this 
clean-cut dualism was inescapable. On the one hand there is 
the world of bodies, whose essence is extension; each body is a ^ 
part of space, a limited spatial magnitude, different from 
bodies only by different modes of extension-a geometrio»<^^. 
world-knowable only and knowable fully in terms of pure - 
m pthftmflrirj! . The vortex theory provided an easy disposal of 
the troublesome questions of weight, velocity, and the like, 
the whole spatial world becomes a vast machine, including 
even the movements of animal bodies and those processes in ■ 
human physiology which are independent of conscious atten-^s 
tion. This world has no dependence on thou^t whatever, ite;, 
whole machinery would continue to exist and operate if,- 

Philosophical Works. Vol. I, p. 164, ff. 
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&ere were no human beings in existence at a]1.8» On the other 
hand, there is the inner realm whose essence is thinifing whose 
modes are such subsidiary processes®^ as perception, willin g 
^eehng, imagining, etc., a realm which is not extended, and is 
in turn mdependent of the other, at least as regards our ade¬ 
quate knowledge of it. But Descartes is not much interested 
m the res cogitans, his descriptions of it are brief, and, as if 
to make Ihe rejection of teleology in the new movement com- 
plete, he does not even appeal to final causes to account for 
what goes on in the realm of mind. Everything there is a mode 
of the thinking substance. 

Alh which realm, then, shall we place the secondary qualities? 

■ The answer given is inevitable. We can conceive the primary 
■KluaUties to exist in bodies as they reaUy are; not so the second¬ 
ary. “In truth they can be representative of nothing that exists 
out of our mind.” as They are. to be sure, caused by the various 
effects on our organa of the motions of the small in«,.n.;M» 
parts of the bodies.** We cannot conceive how such motions 
coifid give rise to secondary qualities in the bodies; we can only 
attnbute to the bodies themselves a disposition of motions 
such toat, brought into relation with the senses, the secondary 
^alities are produced. That the results are totally different 
from the causes need not give us pause; 

The motion merely of a sword cutting a part of our skin 
causes pain (but does not on that account make us aware 
of the motion or figure of the sword). And it is certain that 
"^-this sensation of pain is not less different from the motion 
^at causes it, or from that of the part of our body that the 


»8 Oeuvres, Cousin ed., Paris, 1824, ff., Vol. X, p. 194. 

** Traits de I’homme Descartes had asserted that these 
^bsidiaw processes can be performed by the body without 
Yf ^^ons of the latter being to think. Cf. 
Oemres, M, pp. 201, 342; Discourse (Open Court ed.), 
p. 53, It., Kahn, Metaphysics of the Supernatural, p. 10 ff His 

^nciples, IS as above stated. Cf., for example. Meditation 11. 
P* Principles, Parti, Principles 70,71. 

** Oeuvres (Cousin), Vol. IV, p. 235, ff. 
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sword cuts, than are the sensations we have of colour, 
sound, odour, or taste.®^ 

Hence aU qualities whatever but the primary can be lumped^ 
together and assigned to the second member of the metaphys¬ 
ical wedding. We possess a clear and distinct knowledge of 
pain, colour, and other things of this sort, when we consider 
them simply as sensations or thoughts; but 

when they are judged to be certain things subsisting 
b^ond our minds, we are vyholly unable to form any con¬ 
ception of them. Indeed, when any one tells us that he sera 
colour in a body or feels pain in one of his limbs, this ^ 
exactly the same as if he said that he there saw or felt 
of tho nature of which he was entirely ignorant,* 
or that he did not know what he saw or f dt.®® 

We can easily conceive, how the motion of one body can 
be caused by that of another, and diversified by the size, 
figure, and situation of its parts, but we are whoEy unable 
to conceive how these same things (size, figure, and mcr- 
tion), can produce something else of a nature entirely differ¬ 
ent from themselves, as, for example, those substantial 
forms and real qualities which many philosophers suppose 
to be in bodies. . . •®® 

But since we know, from the nature of our soul, that the 
diverse motions of body are sufBcient to produce in it aU 
the sensations which it has, and since we learn from ex¬ 
perience that several of its sensations are in reality cause^ 
by such motions, while we do not discover that anytimj 
besides these motions ever passes from the organs of m 
H ytAmni senses to the brain, we have reason to conclude that 
we in no way likewise apprehend that in external objects 
which we call light, colour, smell, taste, sound, heat, or cold, 
and the other tactile qualities, or that which we call their 
j^nWuntial forms, unless as the various dispositions of these 

®T Principles, Part W, Principle 197. 

®8 Principles, Part I, Principle 68, ff. 

«»Part IV, Principles 198,199. 
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objects which have the power of moving our nerves in var¬ 
ious ways. . . . 

Such, then, is Descartes’ famous dualism—one world con¬ 
sisting of a huge, mathematical machine, extended in space; 
and another world consisting of unextended, thinking spirits. 
And whatever is not mathematical or depends at all on the 
activity of thinking substance, especially the ao-caUed second¬ 
ary qualities, belongs with the latter. 


Problem of Mind and Body 

But the Cartesian answer raises an enormous problem, how 
to account for the interrelation of these diverse entities. If 
each of the two substances exists in absolute independence of 
the other, how do motions of extended things produce unex¬ 
pended sensations, and how is it that the clear conceptions or 
categories of unextended mind are valid of the res extensa? 
How is it that that which is unortended can know, and, know¬ 
ing, achieve purposes in, an extended universe? Descartes’ least 
objectionable answer to these difficulties is the same answer 
that Galileo made to a similar though not so clearly formulated 
problem—the appeal to God. God has made the world of mat¬ 
ter such that the pure mathematical concepts intuited by mind 
are forever applicable to it. This was the answer that the later 
Cartesians attempted to work out in satisfactory and consist¬ 
ed^ form. The appeal to God was, however, already beginning 
to lose caste among the scientific-minded; the positivism of 
the new movement was above everything else a declaration of 
independence of theology, specifically of final causality, which, 
seemed to be a mere blanl^ appe^ to a kind of answer 1m 
scientific questions as would make genuine science impossib^ 
It was an answer to the ultimate why, not to the present 
Descartes himself had been a powerful figure in just this fea- 
i^e of the new movement. He had categorically declared it 
impossible for us to know God’s purposes.^'* Hence this answer 

Principles, Part HI, Principle 2. 



122 


had IMe weight among any bat his metaphysically-minded 
followers, whose Influence lay quite outside the main current 
of the times; and those passages in which he appeared to offer, 
a more immediate and scientific answer to these overwhdming i 
diffiMilriea, especially when capitalized by such a tdgorofis 
thinter as Hobbes, were the ones which proved significant. 
In these passages Descartes appeared to teach that the obvious 
rdationsUps between the two entities of the dualism implied 
after all the real localization of mind, but it was of the utmost 
importance for the whole subsequent development of science 
arid pMosophy that the place thus reluctantly admitted to the 
mind was pitifully meagre, never exceeding a varying portio^ 
of the body with which it is allied. Descartes never forswore 
the main philosophical approach which had led to his out-^ 
spoken dualism. All the non-geometrical properties are to be 
shorn from res extensa and located in the mind. He asserts in 
words that the latter “has no relation to extension, nor di¬ 
mensions,” we cannot “conceive of the qpace it occupies”; 
yet, and these were the influential passages, it is “really joined 
to the whole body and we cannot say that it exists in any one. 
of its parts to the exclusion of the others”; we can aflSnn that' 
it “exercises its functions” more particularly in the conarion, 
"from whence it radiates forth through dll the remainder of' 
the body by means of the animal spirits, nerves, and even the. 
blood.” With such statements to turn to in the great philoso¬ 
pher of the new age, is it any wonder that the common run of . 
intelligeat people who were falling into line with the scientiflc. 
current, umnetaphysically minded at best, totally unable to^ 
appreciate sympattetlcally the notion of a non-spatial entity 
quite independent of the extended world, partly because such 
an entity was quite unrepresentable to the ima g in ation, partly 
because of the obvious diSculties involved, and partly because 
of the powerful influence of Hobbes, came to think of the mind 
as something located and wholly confined within the body? 
What Descartes had meant was that througih a part of the 

Passions of the Soul, Articles 30, 31 {Philosophical Work^ 
Vol. I, 345, ff.]j. Italics ours. In ^ later writings Descartes'/ 
was mudt more guarded in his language. Cf. Oeuvres (Cou^' 
ed.),X,96,ff. 6 ® ^ , 
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brain a quite unextended substance came into effective re¬ 
lation with the realm of extension. The net result of his at¬ 
tempts on this point for the positive scientific current of 
bought was that the mind existed in a ventricle of the brain. 
The muverse of matter, conceived as thorou ghly geometrical 
save as to the vagueness of the “first matter,” extends infinitely 
toougbout all space, needing nothing for its continued and 
independent existence; the universe of mind, inniuding all ex¬ 
perienced qualities that are not mathematically reducible, 
comes to be pictured as locked up behind the nnnfm^ad and 
deceitful media of the sensra, away from this independent ex- 
t^ded realm, in a petty and insignificant series of locations 
inside of human bodies. This is, of course, the position which 
•had been generally accorded the “soul” in ancient times, but 
not at all the “mind,” except in the case of those philosophers 
of the sensationalist schools who made no essential distinction 
between the two. 

Of course, the problem of knowledge was not solved by 
this inteipretation of the Cartesian position, but rather tre¬ 
mendously accentuated. How is it possible for such a mind to 
know anything about such a world? We shall postpone for the 
present, however, considerations of this sort; all the men with 
whom wo are immediately occupied either failed to see this 
enormous problem, or else evaded it with the easy theningicai 
answer. 

Note, however, the tremendous contrast between this view 
of man and his place in the universe, and that of the medieval 
'^adition. The scholastic scientist looked out upon the world 
of %ature and it appeared to him a quite sociable and human 
world. It was finite in extent. It was made to serve his needs. 
It was clearly and fully intelligible, being immediately present 
to the rational powers of his mind; it was composed funda¬ 
mentally of, and was intelligible through, those qualities which 
were most vivid and intense in his own immediate experience- 
colour, sound, beauty, joy, heat, cold, fragrance, and its plas- 
^city to purpose and ideal. Now the world is an infinite and 
^Monotonous mathematical machine. Not only is his high place 
in a cosmic teleology lost, but all these things which were the 
very substance of the physical world to the scholastic—the 



things that made it alive and lovely and spiritual—are lumped 
together and crowded into the small fluctuating and temporary 
positions of extension which we call human nervous and cir¬ 
culatory systems. The metaphysically constructive features ot 
the Hiialigm tended to be lost quite out of sight. It was sim^y 
an incalculable change in the viewpoint of the world hdd by 
inte lligent opinion in Europe. 



CHAPTER V. SEVENTEENTH-CENTURY ENG- 
^ * LISH PHILOSOPHY 


Hie work of Descartes had an enormous influence through¬ 
out all Europe during the latter half of the seventeenth cen¬ 
tury, largely because he was not only a great mathematiein n 
fend anatomist, but also a powerful philosophical genius, who 
treated afresh, and with a remarkably catholic reach, all the 
big problems of the age by hitching them up in one fashion 
or another to the chariot of victorious mathematical science. 
In England especially, he aroused widespread interest mixed 
^th considerable keen criticism. Among the thinkers flourish¬ 
ing there in the third quarter of the century who were 
sympathetic with the big task that Descartes was trying to 
accomplish though severely critical of him in certain important 
details, were Thomas Hobbes and Henry More. The work of 
the former has been already briefly referred to; we shall now 
describe his significance in the mathematical current of the 
r times by locating it in a somewhat wider context as indicated 

the above title. 

During the preceding century thought had been rdativdy 
frecsr of theological tranunels in En^and than elsewhere in 
Europe, and in the first quarter of the seventeenth century 
secular learning had been mightily advanced by the champion¬ 
ship of a man than whom there was none higher in the political 
' counsels of the realm, Lord Chancellor Bacon. It is impossible 
' to trace any direct influence of Bacon on the metaphysics of 
Boyle or Newton, but the former’s conception of science as 
' ^ exalted co-operative enterprise, his empirical stress on the 
^necessity and cogency of sensible experiments, his distrust of 
hypothesis and general analysis of inductive procedure, all 
penetrated the leading scientific minilg of the middle of the 



126 


century, especially Robert Boyle, through whom they exer¬ 
cised a notable influence on Newton. We shall discuss Boyle in 
some detail in the chapter foUowing. 


A. Hobbes’ Attack on the Cartesian Dualism 

Thomas Hobbes was a trusted friend of Bacon, but his 
philosophical powers were not seriously awakened until he 
acquired an interest in geometry at the advanced age of forty, 
and under the urge of that interest familiarized himself wijh 
all the new developments which had been set in such vigorous 
motion by the astronomical revolution. Especially did he ac-'< 
quire a profound respect for Galileo, whom he visited at 
length on his third journey to the continent (1634-37) and 
from whom he received helpful confirmation of the notion al¬ 
ready simmering in his own mind, that the sole and adequate 
explanation of the universe is to be found in terms of bodf* 
and motion. He never succeeded, however, in giving precise 
mathematical meanings to these terms in the way of the great 
Italian; his shift to the new terminology of space, time, force, 
momentum, etc., was somewhat superficial and in many im¬ 
portant respects he always remained a scholastic. 

On his next journey to France Hobbes became acquainted 
with the Meditations of Descartes through the medium of their 
common friend Merseime, and permed for the author’s benefii,! 
the third set of Objections to the proposed work. In tl^e 
objections Hobbes appears as an uncompromising opponent of 
Descartes’ dualism and the conception of "idea” by which it 
was justified. According to Hobbes, all activity and change 
whatever are motion; now thinking in all its forms is an activ¬ 
ity, therefore thinking is a kind of motion. Mind is simply a 
name for the sum of an individual’s thinking activities, is thru 
nothing but a series of motions in an animal organism. “If this 
be so, reasoning will depend on names, names on the imagina¬ 
tion, and imagination, perchance, as I think, on the motion of 
the corporeal organa. Thus mind will be nothing but the mo- 
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lions in certain parts of an organic body.” ^ To set up mind as 
a separate substance, wholly different in kind from corporeal 
substance or its activities appeared to Hobbes a mere relic of 
the scholastic occult qualities. “If M. Descartes sihows that he 
who understands and the understanding are identical, we shall 
lapse back into the sdiolastic mode of speaking. The under¬ 
standing understands, the vision sees, will wiUs, and by exact 
analogy, walking, or at least the faculty of walking, will 
walk.” ^ This, Hobbes holds, will hardly do for a philosophical 
presentation of the situation. Away with this unjustified dual¬ 
ism. Mental processes, including reasoning itsdf, are but kinds 
of activity, and activity is always motion. Let us carry for¬ 
ward the new method consistently, reduce these things, too, 
frankly to motion, and study them in terms of the recently 
established principles of motion. It is because of this position 
that Hobbes regards geometry, “the science of simple mo¬ 
tion,” 8 and geometrical mechanics, which he took over from 
Galileo, as the indispensable prerequisite for all further accom- 
rplishments in science or philosophy. 

Now motion implies a something which moves, and that 
something can only be concdved in corporeal fashion; we 
must think of it as a body. “We can conceive no activity what¬ 
soever apart from its subject, e.g., we cannot think of leaping 
apart from that which leaps, of knowing apart from a knower, 
or of thinking without a thinker. And hence it seems to follow 
that that which thinks is something corporeal; for, as it ap¬ 
pears, the subject of all activities can be conceived only after 
°a corporeal fashion, or as in material guise, as M. Descartes 
ifimself afterwards shows, when he illustrates by means of 
wax.”* Why, we ask, must it be so conceived? The answer 
is that for Hobbes an idea is always an iimge,^ and an image, 

^The Philosophical Works of Descartes (Haldane and Ross), 

Vol.n,p.6S. 

a Haldane and Ross, Vol. II, p. 65. 

>8 Hobbes, Works, Vol. I (English), p, 71, ff. 

* Haldane and Ross, Vol. II, p. 62. 

8 Haldane and Ross, Vol. U, p. 65. 
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of course, must always be of something possessing corporeal 
characteristics. “Hence we have no idea, no image of God; 
we are forbidden to worship him in the form of an image, lest 
we should think we could conceive him who is inconceivable. 
Therefore it appears that we have no idea of God.”® We 
merdy give the name God to the object which we readi by a 
reasoned search for the first cause of things,Inasmuch as 
images are always of particular objects, we find Hobbes quite , 
in line with the strong nominalistic , tendency of the later Mid¬ 
dle Ages, vigorous especially in England, which regarded in¬ 
dividual ®® existences. This nominalistic 

aspect of his philosophy led him to see no reality in universd 
or natures. They are just names, nothing more. F6r 
a triangle: “If die triangle exists nowhere at all, I do. 
not see how it can have any nature . . . The triangle in the 
mind comes from the triangle we have seen, or from one 
imaginatively constructed out of triangles we have behdd. Now 
when we have once called the thing by the name triangle, 
although the triangle itself perishes, yet the name remainsr* 

. . , But the nature of the triangle will not be of eternal 
duration, if it should chance that that triangle perished. In 
Uke maimer the proposition, man is an animal, will be eternally 
true, because the names it employs are eternal, but if the hu¬ 
man race were to perish there would no longer be a human 
nature. Whence it is evident that essence in so far as it is dis¬ 
tinguished from existence, is nothing else than a union of names 
by means of the verb is. And thus essence without existence 
is a fiction of our mind.” ® 

Nothing exists then but particular objects in motion, whlbh 
we have to think in terms of images and hence must conceive' 
as corporeal; further, reasoning is nothing but a stringing to¬ 
gether of images or the names which we have arbitrarily as¬ 
signed to them®; it is the motion of these images succeeding ' 

® Haldane and Ross, Vol. II, p. 67. 

^ Haldane and Ross, Vol. II, p. 71. 

® Haldane and Ross, Vol. II,p. 76, S. ^ 

®Hobbes, Leviathan, Bk. I, Chs. 3,5. (Works, Vol. 3.) 
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Therefore Hobbes sees no justi- 
ficafaon for a metaphysical dualism. Nothing without us but 

If 7^“’ but organic motions. In 

peremptory conclusion he not only sets the fashion for the 

the imd IS something confined to a portion of the brain and 
circulatory sj^tem. but more radical still, he swallows up the 
res cogitans by treating it as a combination of certain types 
of motion possessed by res extensae. We have in his work the 

^ ‘b® assumptions and 

method of Galileo imiveraally. 

Now Hobbes recognizes that he has obligated himself to 
pVe im explanatory account, in terms of body and motiok, of 
^these imagffl, masmuch as they do not obviously present them- 
; ^yes as either bodies, or motions, or located in the brain. 

I ^ explanation, which appears first in the Treatise of Human 
, Nature, is of profound significance in the early development 
of the new doctrine of the human mind, and represents 
(l^obbes chief importance in the current which leads on to the 
met^hysics of Newton. Much of his naturalism, especially in 
psycholop and political theory, was too upsetting to infiuence 
peatly the thought of his generation excqpt counteractively, 

I but his contribution here was too much in line with the 
s ^tonous scientific march of the times to fail of profound 
effect. He attacks the problem by way of an attempt to show 
now It is that although secondary qualities are not really in 
todies (“an image or colour is but an apparition unto us of 
■*»e motion, agitation, or alteration, which the object work- 
etl?^in the brain, or spirits, or some internal substance of the 

head ^o), yet they seem to us to be there just as much as the 
primary. 

iv7fe Works, Vol. 
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B. Treatment of Secondary Qualities and Causality^ » 

Hflbbes’ position is that images are simply gradually decay¬ 
ing sense experiences, or phantasms, as he calls them, and that 
the latter arise from a conflict of motions produced in the 
human organism; the motion coming in from the object clashes 
with certain vital motions proceeding outward from the heart, 

which endeavour because outward, seemeth to be some 
matter without. And this seeming, or fancy, is that which 
men call Sense; and consisteth, as to the eye, in a light, or i 
colour figured; to the ear, in a sound; to the nostril, in afl^ 
odour; to the tongue and palate, in a savour; and to the 
rest of the body, in heat, cold, hardness, softness, and such 
other qualities, as we discern by feeling. All which qualities 
called sensible, are in the object which causeth them but 
so many several motions of the matter, by which it presseBi ' 
our organs diversely. Neither in us that are pressed are 
they any thing else but diverse motions (for motion pro- 
duceth nothing but motion). But their appearance to us is 
Fancy, the same waking that dreaming. And as pressing, 
mbbing, or striking the eye, makes us fancy a light; and ' 
pressing the ear produceth a din; so do the bodies also we 
see or hear produce the same by their strong, though un¬ 
observed actions. For if those colours or sounds were in 
bodies or objects which cause them, they could not ^ 
severed from them, as by glasses, and in echoes by r^ec- 
tion, we see they are; where we know the thing we see is 
is in one place, the appearance in another. And though at 
some certain distance the real and very object seem invested 
with the fancy it begets in us; yet still the object is oie 
thing, the image or fancy another l 
A nd from hence also it followeth, that whatsoever ae-1 
cidents or qualities our senses make us think there bejo| 
the world, they be not there, but are seeming and appafi;^ 

Hobbes, Leviathan, Bk. I, Ch. 1. 
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. i* >!» «tM .taipto cf Si't?? 

“^®cted: for as sense aJso is to be Ir 

fliat the colour seemeth to hi. • ^ directly 

telleth me, when I s^e tor r^Sf 
object.i2 that colour is not in^J 

Hobbes thus adds to hi» . . 

CartMian dualism and his con^ction^fh^t^ o* the 

quately explained in the same toSf .u* ‘ “an is to be ade- 
successful in treating res extent t *, been found so 

■ he had faUed to anmLaT^Sl>hn 

^idesl of the new movement to tie f® “^^-mathematical 
contemporaries), a sS! ^ scientific 

which would naturally occur to^Mv^°° difficulty 

secondary qualities were really *““®*** ‘^^t 

sf. According to Hobbr^, Z “ ‘’“t “ him- 

.without, because “there is in the wh appear to be 

Its own internal natur” motio? of 

against the motion wffich is Ton f 
the innermost part of the object to 

atr endeavour o^olT Z elJ'” “ ” the same org^ 

the object; so 

“ the act of senst Z Z T motion 

the duration of it be a nhant * “action, how little soever 
by reason that ffieTd™ ” Z 

Appear as something situate withn .'IT doth always 

add colour, ^d heat lTsou'S^TdT"®“- • • • ^" J^Bht 
commonly called sensible Z’nZ ^ 
the sentients.” is jj j. ’ objects, but phantasms in 

inpam.i« ™®th pam, therefore it is itspi f 

Now. we might ask, does not this Iton nf 

(English Works. Vol. I), Bk. IV. 

A »ni_ * _ 


^Elements of Philosophy. Bk. IV, Ch. 27 , Par. 3. 
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to the primary qualities as much as to the secondary—are not 
they also mere phantasm in the sentients? Apparently there is 
no difference between them in this respect. Hobbes answers 
this objection by a frank afBrmative, and proceeds to make a 
distinction between space and geometrical extension, a distinc¬ 
tion which, as we saw, may have been felt by some ancient 
scientists and which ultimately became important in modera 
thought but only in post-Newtonian times. Space, for Hobbes, 
is itself a p hantasm, “the phantasm of a thing existing without 
the mind simply; that is to say, that phantasm, in which we 
consider no other accident, but only that it appears without 
us.” Extension, however, is an essential characteristic body, 
as we learn by the geometrical study of motion. There are m- 
ways such extended bodies in motion external to us, which 
cause by their motions the phantasms within, including that 
“withoutness” of the phantasms, which is space. Time is like¬ 
wise a phantasm, “of before and after in motion.” “The pres¬ 
ent only has a being in Nature; things past have a being in the 
memory only; but things to come have no being at all; the 
future being but a fiction of the mind, appiying the sequels of 
actions past to the actions that are present.” In nature there 
is motion but no time; time is a phantasm of the before-and- 
aftemess of memory and anticipation. Thus the entire pe]> 
ceived image, however contrary to appearances, is within the 
body. Mind is organic motion, and sense is appearance of out¬ 
ness taking place really within the organs. The big epistemolog¬ 
ical difSculty in such a position Hobbes apparently does not 
notice. He assumes without critical examination the essentials' 
of Galileo’s mechanical cosmology. ^ 

Now Hobbes' combination of materialism and nominalism 
as thus developed has prepared him to proclaim quite frankly 
and without the qualifications and exceptions in Galileo and 
Descartes the doctrine of causality which has become ac¬ 
cepted more and more fully and clearly in modern times, de¬ 
serving for that reason to be set over against the medieval 

“ Elements of Philosophy, Bk. II, Ch. 7, Par. 2, ff. Cf. alsj 
quotation 11, p. 130, ff. above. 

Leviathan, Bk. 1, Ch. 3. 
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prindple of final causaUty by the Supreme Good as its con 
toasting modem conception. Hobbes insists very strondy on 

* Slila^ partitS^r motions of 

Mitocular bodies. The vast, hidden forces, which were for 

nStes ''**™®*® “““ disappear in 

Hobbes, who has foUowed Descartes in denying the Stence 

racept m a body contiguous and moved.” w -.por if flioM 

contiguous to a body unmoved, 
how this body should begin to be moved is not imaginabS 
as has b^ dmonstrated ... to the end that philo^hers 

S r us® of such unconceivable^con- 

nechons of words.” « The latter passage occurs in the m^t 

powers as 

magnetic attraction as causes for motion. Hobbes held of 
TOurse, that magnetic virtue itself can be nothing but a motion 
of body. Everything that exists is a particular body; eveiy- 
ttlng that happens a particular motion. 

FinaDy, Hobbes’ nominalism together with his mechanical 
Mcount of the genesis of the deceitful phantasms, expressed 
itself in a feature of his philosophy that has been subsequently 
most mfluential. We should note that in a certain resped 
Hob^s represented a counter-tendency to the work of Galileo 
md Descartes; he is trying to reunite the sundered halves of 
the Cartesian dualism and bring man back into the world of 
nature as a part of her domain. But the contrary logic of the 
movement was too much for him. He was unable to introduce 
“fc ™®*o<f into his biology or psychology, 

with the result that the allied astronomy and physics hp^ginp 
m«act and uncertain, and were for that reason of no use 
whatever to iater scientists. Couple this fact with the extreme 
rarncalism of his endeavour to reduce mind to bodily motion, 
and his failure to convert science to complete matfirialism is 
qmte ^derstandable. A remnant of the res cogitans still re- 
mamed; even Hobbes’ phantasms had to be explained rather 
^an denied. But someone might have carried over the teleo- 

” Elements of Philosophy, Bk. H, Ch. 9, Par. 7. 

18 Elements, Book IV, Ch. 26, Pars. 7,8. 
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logical method of explanation, discredited now in physics, to 
the modem analysis of the human mind; nature might have 
been abandoned to mathematical atomism while the other 
side of the dualism might have been accounted for mainly in 
terms of purpose or use. That this did not happen in t£e 
dominant current of modem thought we likewise owe largely 
to Hobbes. Having carried through the new conception of 
causality to a decisive statement, having also, in his doctrine of 
the relation of the human mind to nature, made such a strong 
bid for a consistent materialism, there was no temptation for 
him to return to teleology in his psychological analysis. He 
was not able to develop a psychology in terms of mathema tical 
atoms, but he strayed no farther from this method than was 
necessary; he described the mind as a compound of the ele¬ 
mentary parts or phantasms above referred to, produced in 
the vital organs by the dash of inrushing and outpushing mo¬ 
tions, and combined according to simple laws of association. 
Purpose and reasoning are admitted, but they appear not as 
ultimate principles of explanation, which had been theiir 
significance for the scholastic psychologist; they represent 
merdy a certain type of phantasm or group of phantasms 
within the total compound. This treatment, aided by the de¬ 
cline of the notion of God as Supreme Good, set the fashion 
for almost the whole modem development of psychology. 
Locke, the next great psychologist, followed Hobbes’ method 
still more explicitly and in greater detail, with the result that 
after him only an occasional idealist ventured to write a psy- 
diology in terms of different main assumptions. Spinoza,^ 
though without infiuence till much later, is interesting to mdb- 
tion in contrast with Hobbes. His main interests would have 
been favourable to an ultimate teleology in explaining the at¬ 
tribute of thought; only being able, as he thought, to apply the 
mathematical method here also, he conceived it, like the reahn 
of extension, in terms of mathematical implication rather than 
in terms of ends and means, From now on it is a settled as¬ 
sumption for modem thought in pracfically every field, that 
to explain anything is to reduce it to its dementary parts,' 
whose relations, where temporal in character, are conceived 
in terms of effident causality solely. 
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More’s Notion of Extension as a Category of Spirit 

Henry More, tire Cambridge Flatonist, was also powerfully 
stimulated by the philosophy of Descartes and was hager to 
get b^ond the dualism of the Frendi thinlrer, but being a 
deeply religious spirit, he sensed serious difficulties in Hobbes' 
smashing way of disposing of the probl^. The general ac¬ 
count of man’s cognitive relatioa to nature which bad devel¬ 
oped by this time he took over (very significantly) without 
noticing any serious difficulty with it. “I say in general, that 
•■sensation is made by the arrival of motion &om the object to 
the organ, where it is received in all the circumstances we 
perceive it in, and conveyed by virtue of the soul’s presence 
there, assisted by her immediate instrument the spirits, by 
virtue of whose continuity to those of the common sensorium, 
the image or impress of every object is faithfully transmitted 
thither." These phrases “the soul’s presence there," "her im¬ 
mediate instrument the spirits," “the common sensorium," 
will need elucidation later; let us proceed to note here that 
‘ More accepts the general structure of the primary-secondary 
doctrine, though on Oalileo-Cartesian rather than Hobbesian 
, lines; the latter’s dismissal of the “soul” as merely a name for 
the unconceivable cause of vital motions More would not at 
all admit. For him it was as real a substance as corporeal 
Matter. But for the rest he is quite orthodox. "The diversity 
th^e is of sense or perception does necessarily arise from the 
diversity of the magnitude, position, figure, vigour, and direc¬ 
tion of motion in parts of the matter . . , there being a 
diversity of perception, it must imply also a diversity 
of modification of reaction; and reaction being nothing but 
motion in matter, it cannot be varied but by such varia¬ 
tions as are compatible to matter, namely such as are 
magnitude, figure, posture, local motion, . . . direction . , . 

,t®More, Immortality of the Soul (A Collection of Several 
Philosophical Writings, 4th ed., London, 1712). Bk. II, Ch. 11, 
Par. 2. 
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and a vigour thereof. These are the first conceivables in matter, | 
and therefore diversity of perception must of necessity arise j 
from these.”®® As regards the ultimate structure of matter, 
too, the common notions of the day were accepted uncriticaUy,^ 
with the exception that there appear certain added idiosyn- 
cracies, such as the contention that the atoms, though ex¬ 
tended, have no figure. Matter is composed "of homogeneous 
atoms, impenetrable as regards each other, without figure, i 
fiiough extended, filling all space, and by their own nature 
inert, thou^ movable by spirit.” The reason, such as it is, 
for this curious notion, is ^ven in the preface to the Im¬ 
mortality of the Sold: "those indiscerptible particles of mattpr 
have no figure at all; as infinite greatness has no figure, so 
infinite littleness has none also.” The Cartesian doctrine o£i 
the conservation of the quantity of motion was likewise ac¬ 
cepted. God originally impressed the same quantity of motion 
on matter as exists in it now. 

But More was in trouble because he, no more than Hobbes, 
could conceive it possible that anything could exist withodt 
extension, “it being the very essence of whatsoever is, to have 
parts or extension in some measure or other. For, to take away 
all extension, is to reduce a thing only to a mathematlcd 
point, which is nothing else but pure negation or nonentity, 
and there being no medium betwixt extended and nonex- 
tended, no more than there is betwixt entity and nonentity. It 
is plain that if a thing be at all it must be extended.” ®® It was 
just this consideration, however, that led More boldly to refuse 
to join Descartes and Hobbes in assigning extension solely 
matter as its essential quality, and made him a vigorous proTes* 
tant against certain assumptions of the new ontology. For him, 
spirit too must be extended, though its other qualities an 
widely different from those of matter. Spirit is freely penetra¬ 
ble, and itself able to penetrate and impart motion to matter;®* 

®® Immortality of the Soul, Bk. n, Ch. 1, Axiom 22. 

^^Enchiridion Metapkysicum, lx>ndon, 1671, Ch. 9, Par. 21. 

Immortality of the Soul, Preface. Cf. also Divine Dialogue, 
2nd edition, London, 1713, p. 49, ff. 

Enchiridion, Ch. 9, Par. 21. 
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It has absolute powers of contraction and dilation, whicl 

^ ^ perceives all objects, when 

mands all fte parts of the body, is those purer animal spirits 
hi the fourth ventricle of the brain,” 2 * but he adds that it is 

‘0 ®P«ad through- 

out the whole body on occasion, and even slightly beyond the 
limits of the body, as a kind of spiritual effluvium.*® The no- 
and possessing powers of contraction 

doctrine of a fourth dimen¬ 
sion Whi^ he calls essential spissitude-as we migHf put it 

“®“ ^ spisaitude’ 

tat the redoublmg or contracting of substance into less space 
tnan it does sometimes occupy.”*® ^vhen the soul, for ex¬ 
ample, is contracted principally in the fourth ventricle, the 
space occupied possesses not only the three normal dimensions, 
,^ut also this fourth dimension or spissitudo. There are no 
distmctions of degree in the latter, however, its dilation into 
more space leaves it essentially the same. To appreciate to 
the full More’s speculations along this line, it is necessary to 
road Ms portrayal of the life of the soul after death, where it 
occupies an ethereal body, the motions of whose particles it 
can completely control. It adds and diminishes motion, alters 
the temper and shape of the body, quite according to its 
j^ancy.*^ 

Is this just loose-reined imagination, or does More feel con¬ 
fident that he can point to facts which are only thus explicable? 
In a letter to Boyle, December 4, 1665, he writes as the sum 
and substance of his doctrine that “the phenomena of the 
worid cannot be solved merely mechanically, but that there 
is the necessity of the assistance of a substance distinct from 


** Immortality of the Soul, Bk. II, Ch, 7, Par, 18. 

Divine Dialogues, p. 75, ff, 

' *« Immortality of the Soul, Bk. I, Ch. 2, Par. 11. 

^immortality of the Soul, Bk. HI, Ch. 1, Pars. 7, 8, 10, 11. 
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matter, that is, of a spirit, or being incorporeal,” and again , 
he dedaies his fundamental disagreement with Descartes’ phi- | 
losophy to be due to "its pretense of solving, though but the 
easiest and simplest phenomena merely mechanically; [a ie|- ^ 
utation of which] I think I have done irrefutably, nay I am 
unspeakably confident of. it; and have therewithal ever and 
anon plainly demonstrated the necessity of incorporeal beings; 
which is a design, than which nothing can be more seasonable 
in this age; wherein the notion of a spirit is hooted at by so 
many for nonsense.” 

M^t are these irrefutable demonstrations of the existence 
of incorporeal beings, which, of course, for More, mean ex; 
tended spiritual substances? Are the new doctrines of the na¬ 
ture of the world riding roi^shod over certain important 
facts? 

Most obviously, of course, the immediate experience of 
volition, in which we move, in accordance with our own pur¬ 
poses, both the limbs and other organs of our bodies, and 
likewise parts of the material world around us. “I regard this' 
gland [the pineal] in accordance with your principles, as the 
seat of the common sense, and as the fortress of the soul, 1 
question, however, if the soul does not occupy the whole body. 
Otherwise, I beg you, how can it happen that the soul, not 
being possessed of hooked or branching parts, can be so exactly 
united to the body? I ask you further, if there are not effects 
in nature, of which one would be unable to offer a mechanical 
reason? Whence this natural sense that we have of our own 
existence? And this empire which our soul has over the anim.al 
spirits, whence it also? How does it make them flow through 
all parts of the body?" We have the immediate testimony 
for such powers “when we find it possible at our will to set 
in motion or arrest our animal spirits; to despatch them or to 
draw them back, as we please. Whence, I ask if it be unworthy 
of a philosopher to inquire if there be not in nature an in- 

**Boyle, Works (Birch edition), Vol. VI, p. 513, ff. Cf. Di¬ 
vine Dialosues, p, 16, S, ^ 

Second Letter to Descartes (Oeuvres de Descartes, Cousin 
ed., Vol. X, p. 229, fi.). Cf, also Immortality of the Soul, Bk. 
JI.Chs, 17,18;Bk.I.Ch.7. 
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coiporeal substance, which, whfle it can impress on any bodv 
all Ae quaUties of body, or at least most of them, such as 
motion, figure, position of parts, etc. . . . would be further 
%ble, since it is almost certain that this substance removes and 
stop bodies, to add whatever is involved in such motion, that 
IS, It can unite, divide, scatter, bind, form the small parts, order 
me forms, set in circular motion those which are disposed for 
It, or move them in any way whatever, arrest their circular 
motion, and do such similar further things with them as are 
necessary to produce according to your principles liglit, 
colours, and the other objects of the senses. , . , Finally, in- 
poiporeal substance having the marvellous power of rnhari ng 
mid dissipating matter, of combining it, dividing it, thrusting 
It fo^ and at the same time retaining control of it, by mere 
application of itself without bonds, without hooks, without 
projections or other instruments; does it not appear probable 
that it can enter once more in itself, since there is no im¬ 
penetrability to frustrate it, and expand itself again, and the 
like?” 

In this passage More extends his reasoning from the con¬ 
clusion of an incorporeal substance in human beings to the 
assumption of a similar and greater incorporeal substance in 
nature as a whole, for he was convinced that the facts of 
pience showed nature to be no more a simple machine than 
is a human being. The facts cited in this further connexion 
are the facts which had become the subject-matter of the most 
,^ager scientific study of the time, such as the ultimate cause 
o| motion, cohesion, magnetism, gravity, and the like.*® More 
notes that, although the sufficient immediate causes of motion 
can be described in mechanical terms, the ultimate reason of 
why the parts of the universe are in motion rather than in 
rest cannot be accounted for mechanically. Furthermore, 
many of the particular qualities or motions RThihi M by the 
parts of matter had not been mechanically reduced, such as 
the phenomena of cohesion and magnetism. Why do the parts 
'of a solid body cohere so powerfully together, and yet when 
once sundered that cohesion is lost? What is the cause of the 

Enchiridion, Cba. 9-15, 
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curious motions set up by the loadstone? How, finally, is his 
/■hciipngft to the adherents of a universal mechanical view of 
nature, is it possible to reconcile the facts of gravitation with 
the principles of mechanical motion as revealed in the laws of 
motion expressed by Descartes and Hobbes? 

According to mechanical principles, by which he means the 
doctrine that all motion is by impact. More holds that a stone 
let loose above the surface of tiie earth ou^t to fly off at a 
tangant j or at fflost, by the theory of the Cartesian vortices, be 
carried around continually by the earth’s diurnal motion at 
the same distance from it.®^ It would never, by mechanical 
principles, faU in a straight line towards the earth. “So that in. 
all nature there can be nothing more certain or well tested 
than that the phenomenon of gravity is repugnant to mechan¬ 
ical laws; and further that its explanation cannot be resolved 
into causes purely mechanical and corporeal; but that it is 
necessary here to admit certain additional causes which are 
immaterial and incorporeal.”®® Such causes More finds in the 
conception of a “spirit of nature,” which holds the different' 
parts of the mateiial universe together in a unitary system 
which is distinctly not mechanical. 


D. The “Spirit of Nature” 

This “spirit of nature,” as More describes it, bears obvious^ 
similarities with the ancient, especially Platonic notion of the 
anirm mmdi, a living bylarchical principle which penetratls 
matter and whose active powers are expressed in the larger 
astronomical and physical phenomena of nature. In fact More 
occasionally calls it the “universal soul of the world.” ®® The 
idea was quite common throughout the later Middle Ages, 
being appealed to frequently by mystics, theosophists and spec- 
rdative natural philosophers; in Kepler, for example, we find 

®t Enchiridion, Ql H, Par. 14. 

®* Immortality of the Soul, Bk. m, Ch. 13. 

88 As in Immortality, Bk. Ill, Ch. 13, Par, 7. 
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each planet, including the earth, endowed with a soul, whose 
constant powers are shown in the planetary whirlings. More’s 
main purpose, however, was to reinterpret t’his vagrant idea 
Jn terms which would give it better standing in the new scien¬ 
tific current, and, of course, without prejudice to his religious 
views. In the preface to the Immortality of the Soul he calls 
the spirit of nature “the vicatictas power of God upon the 
matter,” that is, the immediate plastic agent of God through 
which his will is fulfilled in the material world. It corresponds 
in nature as a whole to the animal spirits supposed to pervade 
the nervous and circulatory systems of an individual, through 
^ whose agency the purpose of the soul is transmitted to the 
various organs and limbs. Its functions are vital, vegetative, 
and directive, but it is not itself conscious. More defines it 
more carefully as “a substance incorporeal, but without sense 
and animadversion, pervading the whole matter.of the uni¬ 
verse, and exercising a plastic power therein, according to the 
sundry predispositions and occasions in the parts it works upon 
' (note his contentment with vague and general statements 
here), raising such phenomena in the world, by directing the 
parts of the matter, and their motion, as cannot be resolved 
into mere mechanical powers.”^* He adds more specifically 
still in a note that it possesses life, but not sense, animadver¬ 
sion, reason, or free-will. However, More is eager to guard 
against the charge that by invoking as causes incorporeal 
spiritual substances he is weakening the zest for exact scientific 
treatment of natural phenomena and the growing faith in the 
possibility of their reduction to regular, orderly principles. 
Ibis spirit of nature, he says, is to be held a genuine cause, 
yet it is dependable and uniform in its manifestations, hence 
the careful scientific study of the how of things is not super¬ 
seded or prejudiced. “1 affirm with Descartes, that nothing 
affects our sense but such variations of matter as are made 
by differences of motion, figure, position of parts, etc., but 1 
dissent from him in this, that I hold it is not mere and pure 
mechanical motion that causes all these sensible modifications 
in matter, but that many times the immediate director thereof 

Immortality of the Soul, Bk. HI, Ch, 12, Par. 1. 
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is this spirit of nature, one and the same everywhere, and 
acting always alike upon the like occasions, as a clearminded 
man, and of a solid judgment, gives always the same verdict 
in the same circumstances.” It is chiefly in this respect that 
More wishes to distinguish his conception from that of the 
ancient and medieval anima mundi (an interest which Itsdf 
reveals the widespread influence of the exact ideal of the new 
science), and hopes thereby to obviate the objection of those 
who, like Descartes, opposed the injection of such a principle 
into natural philosophy while it seemed still possible that all 
the phenomena might be explained on a purely mechanical 
basis. In effect, his position is that mechanical causes produce^ 
types of motion that are not exhaustive of all motion—they' 
produce only the kind of motion that obeys the basic laws of 
motion. But there are also these phenomena of gravity, cohe¬ 
sion, magnetism, etc., revealing other forces and motions not 
mechanical, but yet without which the universe that we know 
and live in could not exist. Since these forces are not me¬ 
chanical they must be spiritual {e.g., the Cartesian dualism), 
and something akin to &e spirit of nature offers itself as the 
most suitable explanatory entity. More thus sums up his funda¬ 
mental conclusions on this subject: “I have . . . from me¬ 
chanical principles, granted on all sides, and confirmed by 
experience, demonstrated that the descent ... of a stone, or 
a bullet, or any such like heavy body, is enormously contrary 
to the laws of mechanics; and that according to them they 
would necessarily, if they lie loose, recede from the earth and 
be carried away out of our sight into the farthest parts of the 
air, if some power more than mechanical did not curb th& 
motion, and force them downwards towards the earth. . . . 
Nor . . . needs the acknowledgment of this principle to 
dampen our endeavours in the search of the mechanical causes 
of the phenomena of nature, but rather make us more cir¬ 
cumspect to distinguish what is the result of the mere me¬ 
chanical powers of matter and motion, and what of a higher 

i rinciple. For questionless this secure presumption in some, 
lat there is nothing but matter in the world, has emboldened 

f Immortcdity of the Soul, Bk. in, Ch. 13, Par. 7. Italics ours. 
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them too rashly to venture on mechanical snhitions where they 
would not hold." 

But finally, for More, this all-pervading order and harmony 
m the world itself implies the existence of incorporeal sul> 
stance of a yet higher order than the spirit of nature, a spiritual 
substance rational, purposive, supremely worthy of obedience 
and worship. “We have discovered out of the simple phenom¬ 
enon of motion [i.e., its ultimate cause] the necessity of the 
existence of some incorporeal essence distinct from the matter. 
But there is a further assurance of this truth, from the con¬ 
sideration of the order and admirable effect of this motion 
in the world. Suppose matter could move itself, could mere 
matter, with self-motion, amount to that admirable wise con¬ 
trivance of things which we see in the world? Can a blind 
impetus produce such effects, with that accuracy and con¬ 
stancy, that the more wise a man is, the more he will be 
assured, that no wisdom can add, take away, or alter any¬ 
thing in the works of nature, whereby they may be bettered? 

‘'How can that therefore which has not so much as sense, arise 
to the effects of the highest reason or intellect?” More is 
convinced by such teleological proofs that there exists a 
supremely wise creator and governor of the universe, whose 
agent and subordinate medium in the execution of his purposes 
is this lower incoiporeal being, the spirit of nature. 


K Space as the Divine Presence 

Now since every thing real is extended, God too, for More, 
must be an extended being. To deny hiin extension would be 
to reduce him to a mathematical point; it would read him out 
of the universe altogether. More’s devout religious interest, 
coupled with his keen appreciation of the scientific current of 

Immortality of the Soul, Preface. 

Immortality of the Soul, Bk. I, Ch. 12. Cf. also Antidote 
to Atheism (same collection) Bk. n, Chs. 1, 2; Divine Dia¬ 
logues, p. 29, fi., etc. 
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the day, led hint to feel instinctively that the only way to save | 
a proper place for God in the new metaphysical terminology | 
of the times was to declare boldly for the divine extension 
throughout all space and all time. This was one of the signifi- j 
cant points at issue between More and Descartes. In his first 
letter to the latter More declared: “You define matter or body 
in too broad a fashion, for it seems that not only God, but 
even the angels, and everything which exists by itself, is an 
extended being; whence extension appears to possess no nar¬ 
rower limits than the absolute essence of things, though it 
can nevertheless be diversified in accordance with the variety 
of the same essences. Now the reason which makes me be-, 
lieve that God is extended in his fashion, is that he is omni-' 
present, and fills intimately the whole universe and each of • 
its parts; for how could he communicate motion to matter, 
as he has done betimes, and as he is actually doing according 
to you, if he did not have immediate contact with matter. . . . 
God is therefore extended and expanded after his fashion; 
whence God is an extended being.”®® Descartes’ reply®® to’ 
this contention was that God is indeed extended in power, 
that is, he is able to move matter at any point, but that this 
was essentially different from the exact geometrical extension 
attributable to matter. More, however, was not satisfied. “By 
true extension you understand that which is accompanied with 
the faculty of being touched and possesses impenetrability. 

1 admit with you that this is not the case with God, with an 
angel, and with the soul, which are devoid of matter; but 
maintain that there is in angels, and in souls, just as true 
extension, however little acknowledged by the run of the 
schools.” Hence in the case of the vase emptied of air, an 
illustration used by Descartes, who asserted that either some 
other material must enter the vase or else its sides would fall 
into mutual contact. More was prepared stoutly to maintain 
that this was no necessary conclusion—the divine extension 

38 Oeuvres de Descartes (Cousin), Vol. X, p. 181. * 

3® Oeuvres, X., p. 195, ff. 

« Second Letter, Oeuvres, X, p. 212, fi. 
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might fill the vase and hold its sides apart>i At the same time 
More, no more than Descartes or Hobbes, seriously enter¬ 
tained the idea of a vacuum in nature. Matter is doubtless 
mfinite, because “the divine creative activity, never idle at any 
point, has created matter in all places, without leaving the 
least minute space void.” 

The suggestion of the vase, however, filled with naught but 
the divine extension, leads to More’s interesting and important 
conception of space and its relation to the divine being. For 
Descartes, space and matter were the same thing, a material 
body being nothing but a limited portion of extension, Hobbes, 
^in his struggles with the doctrine of primary and secondary 
qualities, had been led to distinguish between space and ex¬ 
tension. You can suppose all bodies of matter annihilated, but 
you cannot succeed in thinking away space. Therefore space 
is a phantasm, an imaginaiy thing of the mind, while extension 
remains an essential quality of bodies which exist, of course, 
quite independently of fiiose motions in human brains which 
make up the mind. More agrees with Hobbes that matter can 
be thought away without thereby space being successfully 
eliminated, but he draws an entirely different conclusion from 
the fact.^B If space cannot be thought away, it must be a real 
existence underlying all extended substances in the universe, 
and posssesing a list of most remarkable qualities. Matter may 
be infinite, but none the less it is thoroughly distinct from this 
limitless immobile substratum or space against which its varied 
Cf^movements become measurable. More attacked Descartes’ 
4octrine of the relativity of motion, holding that an absolute, 
homogeneous, unchanging space was presupposed by motion 
and its measurability. Otherwise, he maintained, one is forced 
into self-contradiction.*^ Take, for example, three bodies AB, 
CD, and £F 

First Letter, Oeuvres, X, p. 184. 

Second Letter, Oeuvres, X, p. 223. 

Enchiridion, Ch. 8. 

** Enchiridion, Ch. 7, Far. S. Cf. an argument involving simi¬ 
lar premises in Divine Dialogues, p. 52, ff. 
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in the position M, and let them change their relations so as to 
appear as at N. Now, then, AB has moved to the right in 
relation to EF, and to the left in relation to CD, that is, it has 
moved in opposite directions at the same time. More holds 
that the only way out of this contradiction is to afOrm an 
absolute space in which AB has remained at rest. This is, of 
course, a failure to appreciate fully the doctrine of relativity,' 
and the contradiction results only because the point of refer¬ 
ence in the bodies is changed; but what More is concerned to 
maintain is really something deeper, namely that the fact and 
the measurability of motion imply the assumption of an in¬ 
finite geometrical system as a real existent background of the 
world of natiure, io terms of which the measurement is made.. 
What sensible body we take to be at rest in this system as 
the centre of our coordinates is a matter of complete indif¬ 
ference as far as the principle of absolute space is concerned. 

This absolute space thus defended, More finds to be a most 
marvellous being. It must be a real existence, because it is 
infinitely extended, yet being absolutely distinguished from 
matter, it has no corporeal characteristics whatever except 
extension.*^ Therefore, according to his premises, it must be 
a genuine spiritual substance, and as More reflects further' 
about it it becomes more and more exalted to his mind. H9 
lists no fewer than twenty attributes which can be applied both 
to God and to space; each is “one, simple, immobile, eternal, 
perfect, independent, existing by itself, subsisting through it¬ 
self, incorruptible, necessary, immense, uncreated, imcircum- 
scribed, incomprehensible, omnipresent, incorporeal, permeat¬ 
ing and embracing all thin gs, essential being, actual being, 
pure actuality.” The ascription of this remarkable list of 
epithets to space is a significant illustration of how religious' 
spirits in sympathy with the new mathematical movement 

Enchiridion, Ch. 8, Par. 7. 
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found in infinite space the true substitute, in tenns of the geo¬ 
metrical view of file universe, for the Pure Form or Absolute 
Actuality of Aristotelianism. On the continent this religious 
corollary of the new order found its great champion in 
’‘Malebranche, to whom space became practically God him¬ 
self. 

More did not go quite as far as this. In the Antidote against 
Atheism, written prior to 1662, he suggests three possible 
views of space, evidently uncertain which to adopt.^^ One is 
that space is the immensity or omnipresence of the divine 
essence; the second, that it is simply the possibility of matter, 
^ distance being no real or physical property, but merely the 
negation of tactual union, etc.; and the third, that space is no 
other than God himself, hi his last important work, the 
Enchiridion Metaphysicum, published in 1671, More is pre¬ 
pared to tell us his final choice between these possibilities.^'' 

Antidote against Atheism, Appendix., Ch. 7. “If there were 
no matter, but the immensity of the divine essence only, oc¬ 
cupying all by his ubiquity, then the reduplication, as I may so 
speak, of his indivisible substance, whereby he presents himself 
everywhere, would be the subject of &at difiusion and men- 
surability. And I add further, that the perpetual observation of 
this infinite amplitude and mensurability, which we cannot dis- 
imagine in out fancy . . . may be a more rude and obscure 
notion offered to our mind of that necessary and self-existent 
essence which the idea of God does with ^eater fulness and 
distinctness represent to us.” 

“There is also another way of answering this objection, 

' which is this; that this imagination of space is not the imagina- 
vtion of any real thing, but only of the large and immense 
capacity of the potentiality of me matter, which we cannot 
free our minds from. , . 

“If, after the removal of corporeal matter out of the world, 
there will be still space and distance in which this very matter, 
while it was there, was also conceived to lie, and t^ distant 
space cannot but be something, and yet not corporeal because 
neither impenetrable nor tangible, it must of necessity be a 
substance incorporeal, necessarily and eternally existent of it¬ 
self; which the clearer idea of a Being absolutely perfect will 
' more fully and punctually inform us to be the self-subsisting 
God.” 

Enchiridion, Ch. 8, Par. 8, flf. 
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The second that of space as potentiality, he rejects as def¬ 
initely unsatisfactory, but he does not quite venture to say 
that space is itself Ood without considerable qualification from 
the first position. He expresses his conclusion thus: "I have 
clearly shown that this infinite extension, which commonly is^ 
held to be mere space, is in truth a certain substance, and that 
it is incorporeal or a spirit. . . . This immense locus intemus 
or space really distinct from the matter, which we conceive 
in our understanding, is a certain rather rude {iTroypa^^, ■ . . 
a certain rather confused and vague representation of the 
divine essence or essential presence, in so far as it is dis¬ 
tinguished from his life and activities. For none of these at¬ 
tributes which we have been recounting [i.e., the twenty listed" 
above] appear to concern the divine life and activity, but . 
simply his bare essence and existence.” Elsewhere he pre¬ 
sents the same thought in a somewhat more worshipful mood; 
“That spiritual object, which we call space, is only a passing 
shadow, which represents for us, in the weak light of our 
intellect, the true and universal nature of the continuous di- , 
vine presence, till we are able to perceive it directly with open 
eyes and at a nearer distance.”^" In other words, space is 
God so far as he is omnipresent merely, abstracting from the 
other characteristics which concern his life and power. But its 
spiritual character is something essential. Space is divine. A 
mechanical world alone would inevitably fly into pieces, by the 
unhampered operation of the laws of motion. All continuity 
in the universe-this immobile, incorporeal space as well as 
those invisible forces such as gravity and cohesion, which hold ' 
together in one system the different parts of the cosmic frame-v 
is fundamentally spiritual.®® “The prop and stay of things is 
God’s benignity.” 

Ralph Cudworth, the second most influential of the Cam¬ 
bridge thinkers, did not venture to adopt More’s bold hypoth- 

Enchiridion, Ch. 8, Par. 14, ff. 

■*® Opera Omnia, London, 1675-9, Vol. I, p. 171, ff. 

®® Compare with the pre-Socratic notion of the world as the - . 
product of the opposite forces Love and Strife. 

Hi A Platonic Song of the Soul, Part 11, Canto 4, Stanza 14. 
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esis of the spatiality of God; in his case a thorough familiarity 
with the ancient philosopheis and a consuming zeal to confute 
atheists kept him from developing such a scientific interest in 
the detailed progress of the mechanical philosophy, as had 
heen also an obvious motive in More. Hence his religious 
interest expresses itself not in an attempt to force a theistic 
metaphysics into the categories of the new science at any cost, 
but rather by a return to Platonic and Aristotelian thought- 
But it is interesting to observe how, even in a thinker essentially 
conservative and failing to share the dominant interests of the 
main current of his day, certain of its significant results had 
taken firm root. He adopts the doctrine of the mechanical 
"structure of the material universe and the notion of primary 
and secondary qualities approvin^y, observing that the real 
difficulty is not to explain forms and qualities in terms of 
magnitudes, figures, motions, and fire like, but how to account 
for souls and nunds on any such basis. He is confident that a 
consistent pursuit of the mechanical philosophy would inevita- 
‘ bly lead to the admission of incorporeal beings, especially one 
supreme spiritual Deity. Cudworth brings forward five 
reasons ^or this assurance.*’^ First, the atomical hypothesis, 
allowing nothing to body but extension and its modes, “carmot 
possibly make life and cogitation to be qualities of body; since 
they are neither contained In those filings . . . nor can result 
from any conjugation of them. Wherefore it nmst needs be 
granted, that life and cogitation are the attributes of another 
^^bstance distinct from body, or incorporeal. Again . . . since 
no body could ever move itself, it follows undeniably, that 
&ere must be something else in the world besides body, 
or else there could never have been any motian in it. More¬ 
over, according to this philosophy, the corporeal phraiomena 
themselves cannot be solved by mechanism alone 
without fancy (reference to Hobbes’ theory). Now fancy is 
no mode of body, and therefore must needs be a mode of 
some other kind of being In ourselves, that is co^tative and 
^incorporeal. Furthermore, . . . sense itself is not a mere 

S2 Cudworth, The True Intellectual System of the Universe, 
Bk. I, Ch. 1, Pars. 27,28,38,39. 
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corporeal passion from bodies without, in that . . . there is 
nothing really in bodies like to those fantastic ideas that we 
have of sensible things, as of hot and cold, red and green, 
bitter and sweet, and the like, which therefore must needs owe ^ 
their being to some activity of the soul itselfj and this is all 
one as to make it incorporeaL Lastly . . . sense is not the 
npiTvpmv of truth concerning bodies themselves . . . from 
wheuM it plainly follows, that there is something in us su¬ 
perior to sense, which judges of it, detects its fantastry, and 
pnnHflmnQ its imposture, and detramines what really is and is 
not, in bodies without us, which must needs be a hi^er self¬ 
active vigour of the mind, that will plainly speak it to be 
incorporeaL” At the same time, the mechanical philosophy 
does offer an adequate and satisfactory explanation of the 
world, and hence for Cudworth it definitely supe^ 
sedes the scholastic forms and qualities, an explanation in 
terms of which “is nothing else but to say, that it is done we 
know not how; or, which is yet more absurd, to make our 
very ignorance of the cause, disguised under those terms oft 
fnrma and qualities, to be itself the cause of the effect." 

Cudworth Is thus thinking in general conformity with the 
tnain outlines o£ the Cartesian dualism, and for him, as for 
every one else in the century with the possible exception of 
Hobbes, all ultimate difficulties, metaphysical or epistemolog- 
icaL are resolved by the appeal to God. 


F. Barrow’s Philosophy of Method, Space, and Time* 

Isaac Banow (1630-77), Newton’s intimate friend, teacher, 
and predecessor in the Lucasian chair of mathematics at Cam¬ 
bridge, is usually counted important in the history of his 
century as a mathematician and theolo^an only. In his mathe- 
matiPBi and geometrical lectures, however, he offers some re¬ 
marks on mathematical method, space, and time, which have 
aignifipant metaphysical bearing; also he, like More, influ-!- 

®®He speaks of the soul as extended, however. Cf. Bk. HI, 
Ch. 1, Sect. 3. 
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enced strongly the metaphysical thinking of Newton. Hence 
it seems appropriate to consider his importance in the present 
chapter. Newton was a student at Cambridge during &e en¬ 
tire period of Barrow’s mathematical interest, and it is known 
’that he attended the latter’s lectures. After 1664 their friend¬ 
ship became quite intimate, and in 1669 Newton revised and 
edited Barrow’s geometrical lectures, adding the last lecture 
himself, with perhaps parts of the others. It is hardly possible, 
however, that the discussion of time, in which we are prin¬ 
cipally interested, should have been the work of Newton, inas¬ 
much as it covers practically the entire first lecture, and had 
^Newton been the author we should certainly have record of 
the fact. 

Barrow’s views on mathematical method and on space ap¬ 
pear most prominently in his Lectiones mathematicae, de¬ 
livered in the years 1664-66. With regard to the former he 
comes as near as any philosopher of the century to a clear 
perception and statement of just what the method of the vic¬ 
torious mathematical physicists was, but his failure to see all 
the way through and to propound a coherent and consistent 
programme, for the use of scientific enquirers, of mathemati¬ 
cal units, hypothesis, experiment, etc., is most tantalizing. 

After a few preliminary remarks on the history of mathe¬ 
matics, Barrow observes that the object of the science is quan¬ 
tity, which may be considered either in its pure form, as in 
geometry and arithmetic, or in its mixed form, united with 
,pon-maftematical qualities.”^ For example, a strai^t line 
may be considered in its pure and absolute form, as in geom¬ 
etry, or it may be considered as the distance between the 
centres of two bodies, or as the path of the centre of a body, 
as in astronomy, optics, or mechanics. The geometer simply 
abstracts magnitude in general as his object, just as any other 
scientist abstracts that which appears to be the essential nature 
of whatever portion of phenomena he is studying. The attempt 
to speak of the mathematician as dealing with an ideal or in¬ 
telligible realm as opposed to the realm of sensible objects is 
mistaken: it is the sensible realm, so far as it is intelligible. 

Mathematical Works of Isaac Barrow D.D. (WheweU 
edition), Cambridge, 1860, Vol. I, p. 30, ff. 
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especially so far as it reveals quantitative continuity, that is 
the object of ali science.'^’’ Thus physics, so far as it is a sci¬ 
ence, is wholly mathematical, likewise all of mathematics is 
applied in physics, hence we may say that the two sciences are ^ 
co-extensive and equal.^^ Similarly in astronomy, once its spe¬ 
cial postulates are laid down, ail the reasoning is purely geo¬ 
metrical. In fact, Barrow regards geometry as distinctly the 
type science in mathematics (following his predecessors); 
dgebra is not a part of m athematics but a kind of logic used 
in it, while arithmetic is included in geometry, numbers only 
possessing mathematical significance when the units of which 
they are composed are equal, i.e., when they are equal parts ^ 
of a continuous homogeneous quantity.^'' Now it is such a " 
quantity that is the object of geometry, and mathematical 
numbers are thus nothing more than marks or signs of geo¬ 
metrical magnitudes.BB Barrow here appears a true En^ish 
nominalist, and is evidently maintaining (in agreement with 
Hobbes and More) that everything genuinely existent must 
be conceived as extended. Weights, forces, and times, Barrow 
holds, are extended in some sense, inasmuch as they are treated 
as geometrical quantities.B<* 

Next, Barrow attempts a description of the method of geo¬ 
metrical investigation and demonstration.'’** His first state¬ 
ment of it is exceedingly vague and general,^*^ but his summary 
a few pages later is somewhat better. Mathematicians “take up 
for contemplation those features of which they have in their 
minds dear and distinct ideas, they give these appropriate, 
adequate and unchanging names; then, for the investigation of 
their properties and the construction of true conclusions about^ 
them, they apply a priori only certain axioms which are ex- 

Barrow, p. 38, ff. 

Barrow, p. 44, ff. 

” Barrow, p. 53, fi. 

B8 Barrow, p, 56. 

Barrow, p. 134, ff. 

Barrow, p. 65, ff. 

81 Barrow, p. 75, ff. Cf. also p. 89,115, ff. 
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ceedingly familiar, indubitable, and few in number. Similarly 
the hypotheses which they set up a priori are very few, in the 
highest degree consonant with reason, and undeniable by any 
^sane mind.” In this manner mathematical science becomes 
unique in its cogency.*® Barrow, somewhat repetitive here, 
lists eight specific reasons for the certainty of geometry; the 
clearness of the conceptions involved, the unambiguous defini¬ 
tions of mathematical terms, the intuitive assurance and uni¬ 
versal truth of its axioms, the clear possibility and easy 
imaginability of its postulates and hypotheses, the small num¬ 
ber of its axioms, the clear conceivability of the mode by 
^ which magnitudes are supposed to be generated, the easy order 
of the demonstrations, and finally the fact that mathematicians 
pass by what they do not know, or are not certain of, “prefer¬ 
ring to acknowledge their ignorance than rashly to affir m any 
thing.” Even the positivism of the new movement had touched 
Barrow. 

How, now, we may ask, are we sure of fiie truth of those 
* principles by which we confidently apply geometry to the study 
of nature? Barrow holds that these are ultimately derived from 
reason, sensed objects being merely the occasion which 
awakens them.** “Who ever saw, or distinguished by any 
sense, an exact straight line, or a perfect circle?” Reason 
perceives, however, thus stimulated by sense, that geometrical 
figures really exist in the sensible world, though not visibly or 
tangibly; they are like the statue which exists in the block of 
marble upon which the sculptor is working. At the same time, 
nianow affirms, if you prefer to believe with Aristotle that all 
general propositions are derived by induction, you must still 
admit the universal validity of mathematical principles, be¬ 
cause they have been confirmed by constant experience, and 
God is immutable. Mathematics is thus the perfect and certain 
science.** The way to get the fullest knowl^ge possible is al¬ 
ways to define your object in terms of those properties from 
which mathematical deductions can be drawn in the simplest 

-** Barrow, p. 66, ff. 

*® Barrow, p. 82, ff. 

«* Barrow, p. 90, ff. 
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fashion. Barrow reaches this conclusion rather hazily and with¬ 
out perceiving its full import for physical science; later on in 
the course of lectures, however, he attacks the problem from 
another angle and appears to make a somewhat closer ap-^ 
proximation to clarity. 

js fundamentally, Barrow observes, a science 
of measurement.*® Now anything whatever may be used as a 
measure—we may measure our distance from a fire by the de¬ 
gree of heat experienced, or from a flower by its odour, just 
as we may measure a longer distance by the time employed 
by a traveller or a ship.*® But we hardly speak of such 
measurement as mathematical. Now, wherever possible, math¬ 
ematical measurement is the simplest and easiest manner of 
such determination, because it measures in terms of a definite 
unit which is homogeneous with the thing measured, and thus 
gives the resulting measure an exact numerical form.®'^ Hence 
that is said to be known in a peculiar sense which is expressed 
by numerical relation to some definite, known quantity which 
we thus take as a unit.®® Till quantities are reduced to such 
numerical expressions they are judged unknown, inasmuch as 
immediate judgments of sense about its world lack the clear¬ 
ness of number, they cannot be conceived so easily by the 
mind, nor held so well in the memory because of their fickle, 
changeable character; and only by numbers can the quan¬ 
tities of all things be reduced to a few familiar and commonly 
adopted measures. 

The only omission in this discussion is definite direction how 
to disentangle among those characteristics of an object that 
have been hitherto unreduced to mathematics, a umt in terms® 
of which they can be numerically expressed. Perhaps we should 
hot blame Barrow too heavily for this failure, however, since 
for that science has still to wait 

Barrow’s religious interest appears above in his postulate of 
the constancy of nature; he goes on to affirm that all demon- 

®B Barrow, p. 216, 

86 Barrow, p. 223. 

®''Barrow, p. 226, fl. 

®® Barrow, p. 239, fl. 
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stradon presupposes the existence of Ood. "I say that all dem¬ 
onstration assumes the truth of hypotheses [postulates, we 
should say]; the truth of an hypothesis attributes to the thing 
which is assumed a possible existence; this possibility involves 
'an efidcient cause of the thing (otherwise it would be impos¬ 
sible for It to exist); the dOdcient cause of all things is Ood.” ^ 
This religious reference appears more stron^y, however, in 
his discussion of space and time. 

One of the important attributes of geometrical magnitudes 
is, that they occupy space.™ What is space? It is impious, 
Barrow observes, to regard space as a real existence ind^end- 
ent of God; likewise to regard matter as Infinitely extended is 

* contrary to scripture. But, if we discover the proper relation 
, between space and Ood, we can truthfully ascribe a real ex¬ 
istence to the former. God can create worlds beyond this 
world, hence Ood must extend beyond matter, and it is just 
t1ii)i superabundance of the divine presence and power that 
we mean by space.'^^ Apart from this religious reference, how- 

* ever, space cannot be described as anything actually existing™; 
it is ‘‘nothing else than pure simple potency, mere capacity, 
ponibiUty, or. . . inteiponibility of some magnitude.” 

Here is an interesting combination of ideas about space with 
which More was playing at the same time; in fact, inasmuch 
as both men were resident in Cambridge it is likely that the 
ttiinifing of esch was directly infiuraiccd by the other. More was 
not miinh interested in time, however, whereas Barrow, hav- 
conceive of geometrical magnitudes as generated 

motion, and being zealously engaged in the attempt to con- 
htruct a geometrical calculus on the basis of this conception, 
was just as much interested in rime as in space. And in his 
views on time, which are ofiered in the Lecttones geometricae, 
probably written before the above discourses on method and 
apace, he appears in a somewhat more original light. 

After noting some of the interesting features of time, es- 

Barrow, p. 111. 

™ Barrow, p. 149, fl. 

Barrow, p. 154. 

™ Barrow, p. 158, fi. 
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peciaUy its quantitative character, Barrow ^ks ^hetha &ere 
was time before the creation of the world, and whether it 
flows now beyond the limits of the world, where nothing per- 
sists.™ His answer is: - 

Just as there was space before the world was founded, 
and even now there is an infinite space beyond the world 
(with which God co-exists) ... so before the world ^d 
together with the world (perhaps beyond the world) tune 
was, and is; since before the world arose, certam bem^ 
were able continually to remain in existence [God and the 
angels presumahly], so now things may exist beyond the 
world capable of such permanence. . . . Tune, therefore,? 
does not denote an acmal existence, but simply a capacity or 
possibility of permanent erisUnce; just as space 
the capacity of an intervening magnitude. ... But does 
time not imply motion? Not at all, 1 reply, as fw as its 
absolute, intrinsic nature is concerned; no more than rest; 
the quantity of time depends on neither essentially; whether , 
things run or stand stfll, whether we sleep or wake, time 
flows in its even tenor. Imagine all the stars to have re¬ 
mained fixed from their birth; nothing would have been lost 
to time; as long would that stillness have endured as has 
the flow of this motion. Before, after, at the same 
time (as far as concerns the rise and disappearance of 
things), even in that tranquil state would have had their 
proper existence, and might by a more perfect mind have^ 
been perceived. But although those magnitudes are quan¬ 
tities absolutely, independent of all reference to measure, 
yet we cannot perceive their quantities except by the appli¬ 
cation of measures; thus time is in itself a quantity, althou^ 
that the quantity of time may be distinguished by us, the 
aid of motion must be caUed in as a measure by which we 
judge temporal quantities and compare them with each 
other; and so time as something measurable implies motion 
since if all things had remamed unmoved, in no way would 
we be able to distinguish how much time had flowed past; 

Barrow, Vol. n, p. 160, ff. 
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the age of things would have been indistinguishable to us 
and its growth would have been undiscoverable.'^^ 

, , . It is not apparent to those aroused from sleep how 
much time has intervened; but from this it is not rightly 
deduced that, “It is clear, that apart from motion and 
change there is no time.” We do not perceive it clearly, 
hence it does not exist—a piece of deceptive inference—and 
sleep is deceptive, which causes us to connect two distant 
instants of time. . . . Moreover, since we conceive time as 
flowing past always in an even channel, not now more 
slowly, then more rapidly in turn (if indeed such disparity 
be granted, rime would in no wise admit of computation or 
. dimension), on that account not all motion is judged equally 
■suited for det ermining and distinguishing the quantity of 
time, but chiefly that which, being in the hipest degree 
simple and uniform, proceeds always in an even tenor; flie 
mobile preserving always the same force, and being borne 
through a uniform medium. Wherefore to determine time 
sohae such mobile must be chosen as at least so far as con¬ 
cerns the periods of its morion, keeps constantly an equal 
impulse and covers an equal distance. 

Barrow notes that the motions of the stars, and especially 
of the sun and moon, are generally accepted for this purpose, 
and then up the question how, if the measurement of 

J mg ^e thus dependent on motion, time may itself be, as de- 
^ed,'lh'e measure of morion. 

*»*The intervening part of the quotation shows again how far 
the Cartesian-Hobbesian philosophy was influencing even pious 
minds who were interested in science. “Do I say that we woifld 
not perceive the flow of time? Most certainly not, nor would 
WO perceive anything else, but bound in a continued stupor we 
would' remain stock still like posts or rocks. For we norice 
nothing except so far as some change affecting the sense dis¬ 
turbs us, or an internal operation of the mmd stiinulates our 
c nnaraminness and cxcites it. It is from the extension or m- 
y tension of motion pressing inward or raising a disturbance 
within us, that we judge the different degrees and quantities 
of things. So the quantity of motion, in so far as it can be 
noted by us, depends on the extension of motion.” 
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MhOTT, to* l-x?" ■“ 

an equal motion, and that one day. for exam^e, or one 
year, is exactly equal to another, or of equal 
reply that in no other way is this known to us 
Xt may be gathered from the divine testunony) than by 

mottons. Certainly if liK motion of ihe am as re^terrf 
in the sundial... be perceived to agree vnth the motions of 
any time-measuring instrument which is constructed with 
suf^t accuracy” . . . From which reasonmg it seems 
to follow, which perchance may appear astonishmg to soin^ 
that strictly speaking the celestial bodies ere not actually , 
the first and original measures of time; but rather those mo¬ 
tions which are observed near us by &e senses, Md me 
subject to our experiments; since by their aid we ]udp 
regularity of the celestial motions. Not even is Sol himself 
a worthy judge of time, or to be accepted as a veracious 
witness, except so far as time-measuring instruments attest 
his veracity by their votes. 


Banow adds that there is no way at all of comparing the 
periods of the celestial revolutions now with those many cen¬ 
turies ago. hence it is not possible to declare, for certain toat 
Methusaleh was really longer lived than a modem who failed 
of his hundredth year. He then answers the specific prohl^ ot 
the ultimate relation of time and motion, as had his predeces¬ 
sors the ultimate relation of space and extension. ^ 

Nor let anyone object that time is commonly reprded as^ 
the measure of motion, and that consequently difierences 
of motion (swifter, slower, accelerated, retarded) are d^ 
fined by assummg time as known; and that therefore the 
quantity of time is not determined by motion but the qum- 
tity of motion by time; for nothing prevents time and motion 
from rendering each other mutual aid in this resped. 
Clearly, just as we measure space, first by some magnitude, 
and leam how mudi it is, later judging other congruent 
magnitudes by space; so we first reckon time from some 


7* The sentence is incomplete in the origiiial. 
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motioa and afterwards judge other motions by it; which is 
plainly nothing else than to compare some motions with 
others by the mediation of time; just as by the mediation of 
spaee we investigate the relations of rnagnimdes with each 
other. . . . Further, since time, as has been shown, is a 
quantity uniformly extended, all of whose parts correspond 
to the respective parts of an equable motion, or proportion¬ 
ately to the parts of space traversed by an equable motion, 
it can be represented, that is, proposed to our mind or 
fantasy, in a most successful manner by any homogeneous 
magnitude; especially by the simplest, such as a straight or 
^ circular line; between which and time there are also not a 
^ few similarities and analogies.’^® 

This lengthy disquisition has been presented almost entire, 
because it represents beautifully a natural and logical step in 
the development of a philosophy of time comparable to that 
of space common in England at the time of More and Barrow, 
pd it clearly leads up to the conception of time advanced in 
Newton. In the case of both space and time Barrow admits the 
validity of More’s religious approach; considered as real and 
fibsolute existences they are nothing but the omnipresence and 

lie eternal duration of God. But Barrow was likewise inter- 

« 

I® The balance of the passage elucidates this point somewhat 
mi^er. “For besides the fact that time has parte which are 
'wholly similar, it accords with reason to consider it as aquan- 
Ltity endowed with a single dimension; for we conceive it con- 
^tuted either by the simple addition of successive moments, 
"or by the (so to speak) continued flow of a single moment, 
whence we are accustomed to attribute to it length alone; nor 
do we determine its quantity in any other _wajr than by the 
lengili of a traversed line. Just as I say, a line is regarded m 
the path of a moving point, possessing from the point a certain 
.indivisibility, but from the motion divisibility of one kind, that 
is according to length; so time is conceived as the_ P^. 
instant continually flowing, possessing a certoin indivisibility 
from the instant, but divisible in so far as it is a successive 
flow. And just as fte quantity of a line depends on length 
Nialone, the res^t of motion, so the quantity of tinie follows 
from a single succession spread out, as it were, in leiigth; 
which the length of the traversed space proves and determines, 
^ we shall always represent time by a straight line. . 
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ested in another approach, that of positive mathematical sci¬ 
ence. From this point of view they are nothing really eTiaHTij. 
but merely express potentialities of magnitude and duration. 
Why, then, when discussing them from the scientific point of 
view, does Barrow not drop the absolutistic terminology anif 
treat space and time as pmrely relative to magnitude and mo¬ 
tion, inasmuch as practically that is how they must always be . 
treated? In part, doubtless, because Barrow has evidently 
formed a clearer and more definite conception of the meaning ' 
of time as a distinct mathematical dimension, but mainly be¬ 
cause the validity of the other approach never disappears from 
sight. Time is not a metaphysically independent entity. Barrow 
never forgot that there was an infinite and everliving God,’ 
whose ^cistence beyond the world involved space, and whose 
continued life before the creation of things in motion involved } 
time. It was just because they were caught up in the unchange¬ 
able divine nature that space and time possessed that daiitjr ^ 
and fixity which made it possible to compare with exactne» 
by their aid sensible magnitudes and motions. Hence even^ 
when he no longer notes the specifically religious reference it 
is implicitly present; he can speak of time as “fiowing in its 
even tenor,” as “independent of modon as far as its absolute 
and intrinsic nature is concerned,” as “an absolute quantity, 
independent of all reference to measure,” and the like. We 
shall find these remarks on time a helpful introduction to tbe 
portrayal of it in the chief work of his illustrious pupil. 

In the meantime let us not forget our Imger bearing^. , 
Galileo’s mathematical analysis of motion had thrust upon the’^ ^ 
attention of the philosophically-minded two strange new eo- 
titles, wbii^ had to be taken account of, and for those in the - 
onward march of the times used as basic categories in place of 
the old scholastic substances, essences, and the like. Space and 
time acquired new meanings, and became of central impor¬ 
tance in men’s thinking. What should be done with them 
philosophically? Descartes, bold metaphysician that he was, 
had an answer ready as regards space—he seized upon it as 
the very substance of the material universe, crowding into theli 
.immaterial world of thought whatever could not be fully treated 
''«eometricallv. Pious English thinkers like More and Barrow 
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sensed the religious danger of this summary dualism, and at¬ 
tempted to bring the conception of God up to date so that 
space would no longer appear independent of the deity; like¬ 
wise, following Hobbes, they made a more fundamental dis¬ 
tinction between space and matter. It took somewhat longer, 
however, for a philosophy of time to develop. Descartes had 
been unable to do it, p^y because time was obviously a mode 
of thinking substance as well as of res extensa, but more be¬ 
cause he considered motion as a mathematical conception in 
general and had failed to appreciate Galileo’s ideal of its de¬ 
tailed quantitative formulation. When men gradually at¬ 
tempted, however, to make more precise the notions and in- 
"^terrelations of force, acceleration, momentum, velocity, etc., 
it was natural that they found themselves compelled to an ex¬ 
act statement of what they meant by time. As they grew more 
confident on this point, time came gradually to seem as natural 
and .self-justifying a continuum as space, quite as independent 
of human perception and knowledge, and to be metaphysically 
-'disposed of on the same principles. This stage in the develop¬ 
ment of a philosophy of time we reach first distinctly in Bar- 
row. Just as space had ceased to appear accidental to objects 
and relative to magnitudes, and became a vast, infinite sub¬ 
stance existing in its own right (except for its relation to God) 
so time ceased to be regarded merely as the measure of mo¬ 
tion, and became a mysterious something ultimately of reli¬ 
gious significance, but quite independent of motion, in fact 
^measured now by it, flowing on from everlasting to everlastr 
ing in its even mathematical course. From being a realm of 
Substances in qualitative and teleological relations the world 
of nature had definitely become a realm of bodies moving 
mechanically in space and time. 
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obvious evidence of non-mechanical forces in nature. Boyle, 
too, is convinced that dear thinking must admit something of 
the sort, and it is of central importance in Newton. We need 
fi. somewhat larger background for this conception. 


A. The Non-Mathematical Scientific Current 

Back in the days of Kepler and Galileo, besides the exact 
mathematical movement in science, so powerfully advanced 
by their achievements and bringing in its train the remarkable 
metaphysical revolution which it seemed to imply, there was 
another sdentific current under way, flowing by slower and 
more tentative st^s, but none the less scientific in interest and 
fruitfulness. Its method was wholly empirical and experimental 
rather than mathematical, and it was primarily in connexion 
with this other current that attempts to give science a correct 
' metaphysical groundwork made a quite positive and definite 
appeal to this “spirit of nature,” or, as it was more commonly 
caUed, “ethereal spirit.” 

William Gilbert, the father of scientific magnetism, whose 
dassic work On the Loadstone and Magnetic Bodies ap¬ 
peared in the year 1600, was one of the luminaries of this non- 
mathematical scientific current. We shall not pause for a study 
of the details of his work, but the conviction into which he 
was led by the phenomena of magnetism, that the earth is 
fundamentally a huge magnet,^ is of interest and importance, 
trilbert conceives the interior of the earth as composed of a 
homogeneous magnetic substance^; the earth’s cohesion and 
likewise its diurnal revolution about its poles being thus ac¬ 
counted for, since “a spherical loadstone, floated in water, 
moves circularly on its centre to become conformed to the 
earth on the plane of the equator.” 8 Moreover, as all but the 

1 William Gilbert of Colchester, On the Loadstone and Mag¬ 
netic Bodies, Mottelay translation. New York, 1893, p. 64, ff. 

2GUbert,p.313,fE. 

8 Gilbert, p. 331. 
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very surface of the earth is of a homogeneous stniemrp 
geometncal centre of the earth is also the centre^f S ^ 
netic movements.* OUbert was one of the earUest 
m England of the Copemican theory as reSrS 

posi^ ftat the earth also revolvee around the atm thouali 

hohh^ >!■■■ the latter I, the flrat n»ver and hSSfc 

planeta^ motions. Further, it is to Gilbert’s experiments m 
magnetism that we owe the first beginnings of the use 

Newton. According to Gilbert, the strength and reach of a 
toadstones magnetism varies according to its quantity or 
mass, ±at is, if it be of uniform purity and from a apedfied" 
Oalto ara Kepler borrowed J notion of 
Gilbert m this sense and connexion. 

Now Gilbert, like the other fathers of modem science was 
not content simply to note and formulate the results of his ex¬ 
periments; he sought ultimate explanations of the phenomena 
How cati a loadstone attract a piece of iron that is separated 
from It in space? His answer in essence was one whi^ had 
been current m ancient times; magnetism is interpreted asl- 
misticaUy. Magnetic force is something "animate,” t it -imi. 
tates a soul,” nay, it "surpasses the human soul wMe united to 
an organic body,” because though the latter "uses reason, sees 
maiiy ^gs, investigates many more; but however well 
eqmpped, it gets light and the beginnings of knowledge from 
the outer senses, as from beyond a barrier-hence the very, 
many Ignorances and foolishnesses whereby our judgments and 
our M^actions are confused, so that few or none do rightly 
^d duly order their acts.”8 But the magnet sends forth itl 
energy without enor . . . quick, definite, constant, directive, 

* Gilbert, p. 150. 

® Gilbert, p. 344. 

® Gilbert, p. 152, S. 

Gilbert, p. 308, fif. 

® Gilbert, p. 311. 
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motive, imperant, harmonious.”'’ Thus the earth, since it is 
itself a great magnet, has a soul, which is none other than its 
fWQgnprir force. “As for us, we deem the whole world animate, 
^d all globes, all stars, and this glorious earth, too, we hold 
to be from the beginning by their own destinate souls governed 
and from them also to have the impulse of self-preservation. 
Nor are the organs required for organic action lacking, 
whether implanted in the homogenic nature or scattered 
thm ngb the homogenic body, albeit these organs are not made 
up of viscera as animal organa are, nor consist of definite mem¬ 
bers.” The power of this magnetic soul to act at a distance, 

; which especially interested Gilbert, he explained by the con- 
"^ception of a magnetic effluvium emitted by the loadstone. This 
effluvium he supposes to reach out around the attracted body 
as a clasping aim and draw it to itself^i; yet it is nothing 
corporeal at all; it "must needs be light and spiritual so as to 
Anffti- the iron”; it is a breath or vapour which awakens within 
the attracted body a responding vapour. It is thus apparent 
“ that a fibn ngh Gilbert calls this magnetic effluvium incorporeal 
and spiritual, he does not mean that it is unextended or ab¬ 
solutely non-material in the Cartesian sense, but only that it is 
extremely thin like a rare atmospbere.^^ It is unlike matter in 
being penetrable and a motive power. The earth and every 
other astronomical body send out these magnetic effluvia to 
certain spatial limits, and the surrounding incorporeal ether 
thus composed shares the diurnal rotation of the body.^^ Be- 
.yond this ethereal vapour there is void space, in which the suns 
gnd planets, meeting no resistance, move by their own mag¬ 
netic force. In his posthumous work, De mundo nostro 
sublunari Philosophia Nova, Gilbert discusses the relation be¬ 
tween the earth and the moon in magnetic terms,^^ the earth 

» Gilbert, p. 349. 

“ Gilbert, p. 309. 

Gilbert, p. 106, ff. 
i» Gilbert, p. 121, ff. 

18 Gilbert, p. 326. 

1* Book II, Chs. 18,19, Amsterdam, 1651. 
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exercl^g the greater effect of the two because of its ereater 
mass but he IS unable to make clear the principles whirS 
vent the two from falling together. ^ ^ 

William Harvey, discoverer of the circulation of the blood ‘ 
m spite of his strong insistence on empiricism, admitted to 
inception of ethereal spirits to explain the passage of hS 
and noui^hment from the sun to the heart and blood of liZ 
creatures . and we are already aware how Descartes whc^ 
physiology was greatly influenced by Harvey,i« surreptitioil 
tTMsferred to the ether those qualities which express tora- 
selves m the weight and varied velocity of bodies, in ord” 
at he mi^t regard the bodies themselves as purely geometri¬ 
cal. so domg Descartes gave the cue for the further har-' 
monious developmmt of the theory of an ethereal medium 
and the mathematico-mechenical interpretation of the uni. 
verse. Swondary quaUties of things had been banished to the 

Z™. qualities which went beyond pure 

^ometry but whose effects in motion Galileo had been retoo. 
mg to matoematical formulae, or Gilbert and Harvey had been 
studymg by sensible experiments, came to be thought of at 

^ which wai 

pervading aU space. In it and by its d^ 

‘“Sible bodies moved. It wai 
tto distmchon between soUd bodies and the ether that More 

^®®°®rtes’ doctrine of the aU-sufficienq 
simple impact motion to account for every happening in 
toe res MteTWfl, More pronounced an unjustifled assumption 
^e ethereal medium, whatever may be said about tangible * 

wo„m’ “■ machine. If it were, the universff 

uld rapidly dissipate, by the first law of motion. Qualities 

^ P™f°™dly influenced by Harvey In the 

fhp^ ^ the Ke/nenrs of Philosophy he refeiTto as 
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and powers were assumed in it which were not mechamcali 
Therefore it must be spiritual, incorporeal, the active executm 
of the divine will, holding the frame of the world together in 
|he r h«^"n«"ena of cohesion, magnetism, and gravity. At tlm 
flnmp. time its effects are regular and orderly, doubtless reduci¬ 
ble to CTUf t ju iientifle law. AH this complex of ideas was shar^ 
by Boyle, and passed from More and Boyle to Newton, in 
whose philosophy it played a distinctive part. 


'b. Boyle’s Importance as Scientist and Philosopher 

Robert Boyle exemplifies in most interesting fadiion all the 
l..n,Ung intellectual currents of his day; every important or 
prevalent interest and beilief occupied some place in his think¬ 
ing and the conglomeration was harmonized with considerable 
^ success around the foci of his two most dominant enthusiasms, 
experimental science and religion. Boyle defines philosophy as 
“a rnmpT «hp.nsinn of all those truths or doctrines, which the 
natural reason of man, freed from prejudices and parhahty, 
and assisted by learning, attention, exercise, experiments, etc., 
can manifestly make out, or by necessary consequence deduce 
from dear and certain principles.” His conception of the 
note of the sdentiflc cunent of which he formed a 
part appears at the end of an attadc on the highly dogmatic 
^and metaphysical character of the scholastic philosophy. “Our 
great Verulam attempted with more skill and industry (and 
not without some indignation) to restore the more modest and 
useful way practised by the ancients, of inquiry into particular 
bodies without hastening to make systems, into the request 
it formerly had; wherein the admirable industry of two of our 
London physicians, Gilbert and Harvey, had not a little as¬ 
sisted him. And I need not tell you that since him Descartes, 
Gassendi, and others, having taken in the application of geo¬ 
metrical theorems for the explanation of physical problems; he 

WThe Works of the Honourable Robert Boyle, Birch edition, 
6 Vols., London, 1672, Vol. IV, p. 168. 
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and they and other restorers of natural philosophy have 
brought the experimental and mathematical way of bauiru 
mto nature, into at least as high and growing an esteem as it 
ever possessed when it was most in vogue among the natural 
ists Jat preceded Aristotle.” is Boyle frequenfly mentions ^ 
his three leadmg predecessors Bacon. Descartes, and GassentH- 
he r^arla that he did not in his youth read them seriously 
that I mi^t not be prepossessed with any theory or prind. 
pies, MI had spent some time in trying what things themsdves 
would mdme me to think” if; but now that he has begun to 
examme their writings carefully he realizes that his essays 
might have been enriched and some things better explained 
had he read them before. As for Bacon, Boyle early joined a' 
sinaB group of scientific inquirers pledged to the Baconian • 
spmt and purpose-an embryo Salomon’s house-and he always 
shared those many features of the chancellor’s philosopto 
whi^ ww m harmony with the other significant developm^ta 
of the toe. In particular he carried forward the interest in 
prachcal control of nature through knowledge of causes, which ' 
had been such a prominent feature in Bacon, and which he 
regards as closely related to the empirical method. If your 
dtoate aim is to know, deductions from the atomical or 
Cartesian principles are likely to give you most satisfaction; 

If your aim is control of nature in the interest of particular 
ends, you can often discover the necessary relations between 
qualities nnmediately experienced, without ascending to the 
top in the senes of causes.*'' Gassendi’s revival of Epicurean, 
omsm seemed to Boyle especially important, although he 
Mver made si^ificant use of its specific points of difference* 
^m Desc^es cosmology, so that one suspects that the feel- 
mg of kinship was due more to Gassendi’s empiricism than to 
to a^ic spetoations. Boyle notes that the Cartesians and 
miste agree m explaining phenomena by small bodies var-' 

Si being on metaphysi- 

cal rather than physical points, whence "their hypotheses 


Boyle, Vol. IV, p. 59. 
Boyle, 1,302. 
“Boyle, 1,3 10 . 
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niight, by a person of reconciling disposition, be looked upon 
as . . . one philosophy which, because it explicates things by 
1 corpuscles, or minute bodies, may (not very unfitly) be called 
eoipuscular.”®^ Frequently, too, following More, though with 
a somewhat broader meaning for the phrase, he calls it the 
mechanical philosophy, because its characteristics appear in 
obvious and powerful form in mechanical engines. Boyle's 
chief points of disaffection with Descartes were the latter’s 
banishment of final causes on the ground that we cannot know 
God’s purposes, and his main postulates about motion.^’^ The 
Rnglish thinker holds it obvious that some of the divine ends 
^^are readable by all, such as the symmetry of the world and 
, the marvellous adaptation of living creatures, hence it is fool- 
ish to reject teleological proo& for the existence of Ood. As 
for the laws of motion, they appear to him clearly evident 
neither to experience nor to reason.^^ In particular, the doc¬ 
trine of the permanence of the quantity of motion in the 
world rests upon too a priori and speculative a proof, that 
from the immutability of Ood. Some experiments do not seem 
to bear it out, and in any case we have no means of investi¬ 
gating its truth in the remote regions of the universe. Boyle 
was likewise a prominent figure m the overthrow of Hobbes’ 
physical philosophy and its method. After his experimental 
refutation of Hobbes’ theory of the nature of the air, no im¬ 
portant thinker dared again to promulgate a physics composed 
of deductions from general principles without careful and 
exact experimental verification. The element of faithfulness to 
^ct in the method of the new movement found a most power¬ 
ful champion in Boyle. Besides these afiSliations with the recent 
past, Boyle carried on an enormous corre^ondence with var¬ 
ious prominent contemporary scientists and philosophers, in¬ 
cluding Locke, Newton, More, Hobbes, Sydenham, Hooke, 
Glanvill; and even Spinoza offered criticisms of some of bis 
experimental conclusions. 

Boyle, 1,355. 

22Boyle,V,401. 

Boyle, V, 140,397. 
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How specifically, did he conceive his own function in this 
advancing movement? “Since the mechanical philosophers 
have brou^t so few experiments to verify their assertions, md 
the chemists are thought to have brought so many on behalf^ 
of theirs, that of those that have quitted the unsatefactory 
philosophy of the schools ... the greater number have ra- 
braced their doctrines ... for these reasoM, I say, I hoped I 
mi^t at least do no unseasonable piece of semce ^ &e ror- 
^ai philosophers, by iUustrating some of *eir motions wi& 
sensible wperiments, and manifesting that the th^ JY 
treated of may he at least plausibly explicated without havmg 
recourse to hLplicable forms, real qualities the four peripa-, 
S elements, o? so much as the three chemical P™«pl»^ * 
In other words, Boyle notes that the new assmptiom lacked 
as yet extensive experimental verification, and that in partic- 
vdar the subject-matter of chemistry had not yet been success¬ 
fully explained atomically; the prevailing method was tagdy 
mystical and magical; the three principles supposed to be 
ultimate constituents were the highly complex substance salt 
sulphur, and mercury, aemistry had not moved forwmd mth 
astronomy and mechanics, and Boyle is eager to see it raised 
to their exact level by trying whether the principles of atom¬ 
ism may not be successfully applied in this other field. Astron¬ 
omers and geographers “have hitherto presented us rather a 
p,n ti,Ani«tica1 hypothesis of the universe than a physical, hav¬ 
ing been careful to show us the magnitudes, situations, and 
motions of the great globes, without being solicitous to declare 
what simpler bodies, and what compounded ones, tte terr^ 
trial globe we inhabit does or may consist of." as it is this 
chemical analysis of things right before our eyes that Boyle 
is eager to further, and the method he champions, foUowmg 
Gilbert’s practice more than Bacon’s theory, is that of rea¬ 
soned analysis of sensible facta, confirmed by exact experiment. 
The new philosophy, he observes, is built upon two founda¬ 
tions, reason and experience, of which the latter has only 

24 Boyle, 1,356. 

28 Boyle, ni, 318. 
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recently come into its own.*® Does this unduly subordinate 
reason to experience? Not at all, Boyle answers. “Those that 
cry up abstracted reason, as if it were self-sufficient, exalt it 
in words; but we that address reason to physical and theolop- 
cal experience, and direct it how to consult them and take its 
information from them, exalt it in effect; and reason is much 
less usefully served by the former sort of men than by the 
■ latter; since while those do but flatter it, these take the right 
j way to improve it.” ^ In the last analysis, moreover, our 
I criterion of truth is rational. “Experience is but an assistant to 
reason, since it doth indeed supply informations to the under¬ 
standing, but the understanding still remains the judge, and has 
^the power or right to examine and make use of the testimonies 
•t that are presented to it." 

Boyle, V, 513, fl. “But now the virtuosi I speak of (. . . 
by whom ... I mean those that understand and cultivate ex¬ 
perimental philosophy) make a much greater and better use 
of experience in their philosophical researches. For they con- 
•suit experience both frequently and heedfuUy; and not content 
with ffie phenomena that nature spontaneously affords them, 
they are solicitious, when they find it needful, to enlarge their 
experience by trials purposely devised.” 

Boyle, V, 540. 

Boyle, V, 539. Boyle remarks further: "The outward senses 
are but the instruments of the soul... the sensories may de¬ 
ceive us ... it is the part of reason, not seMe, to judge 
whether none of ttie requisites of sense be wanting ... and 
also it is the part of reason to judge what conclustons m^, 
’^and what cannot, be safely grounded on the information of me 
senses and the testimony of experience. So when it is said that 
experience corrects reason, it is somewhat an improper way 
of speaking; since it is reason itself that upon the information 
of experience, corrects the judgments she had made before.’ 
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c. Acceptance and Defence of the Mechanical W01I4 f 
View 

Boyle was not himself a profound mathematician, but he j 
readily perceived the fundamental importance of mathematics 
in an atnmisHc interpretation of the chemical world, according 
to the now prevalent principle. “It is true that matter, or body, | 
is the subject of the naturalist’s speculation; but if it be also 
true that most, if not ail, the operations of the parcels of that^ 
matter • . . one upon another, depend upon those modifica¬ 
tions which their local motion receives from their magnitude 
and thar figure, as the chief mechanical affections of the parts 
of matter; it can scarcely be denied that the knowledge of 
what figures are, for instance, more or less capacious and ad¬ 
vantaged or disadvantaged for motion or for rest, for pene¬ 
trating or for resisting penetration, for being fastened to one ■ 
another, etc., must be of constant use in explaining many of 
the phenomena of nature.” *0 This is, of course, just the busi¬ 
ness of geometry, it is the science of magnitude, figure, and 
especially of motion. Astronomy, for example, is a science 
about physical thing s, in which, without an adequate knowl¬ 
edge of mathematics to guide in the framing of hypoflieses or 
judging of them, a thinker is apt to go astray (witness Epicurus 
and Lucretius); in fact in any subject dealing with things 
which possess geometrical qualities, the aid of lineal schemgi 
and pictures to the imagination is quite considerable.®® But 
more than this, and here Boyle expresses his complete agree¬ 
ment with the mathematical metaphysics of Galileo and De^ 
cartes, the whole world seems to be fundamentally mathemati¬ 
cal in structure; “nature does play the mechanician” 
ninthRmfltif.p1 and mechanical principles are the “alphabet, in 

®»Boyle, ni, 425, ff. 

8® Boyle, in, 429,431,441. 

Boyle, m, 20,34, fl.; IV, 76, ff. 
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which God wrote the world”; which for Boyle is a conclusion 
justified for the most part by the undeniable fact of the success¬ 
ful explanation of things through the use of these principles. 
They have proven themselves the right key to the cipher. Had 
he Uved before Galileo. Boyle would undoubtedly have re¬ 
mained in the main an Aristotelian; but the remarkable and 
experimentally verifiable achievements of the great mathe¬ 
matical physicists had made him (as was the case with other 
empiricists) a post factum convert. Further, inasmuch as God 
played the mathematician in creating the world, mathematical 
principles, like the axioms of logic, must be ultimate truths 
■superior to God himself, and independent of revelations®; jn 
fact revelation itself must be so interpreted as not to contra- 
*dict those principles, “for God, being infinitely knowing, and 
being the author of our reason, cannot be supposed to obUge 
us to believe contradictions.” “I look upon the metaphysical 
■ and mathematical principles ... to be truths of a transcendent 
.kind, that do not properly belong either to philosophy or the¬ 
ology; but are universal foundations and instruments of all the 
knowledge we mortals can acquire.” ** 

This mathematical view of nature involves, of course, a 
mechanical conception of its operations. “That which I chiefly 
aim at, is to make it probable to you by experiments, that 
almost all sorts of qualities, most of which have been by the 
schools either left unexplicated, or generally referred to I know 
mot what incomprehensible substantial forms, may be pro¬ 
duced mechanically; I mean by such corpored agents, as do 
not appear either to work otherwise than by virtue of the ino- 
tion, size, figure, and contrivance of their own parts (winch 
attributes I call the mechanical affections of matter).”®* 
These parts are ultimately reducible to atoms, equipped with 
p rimar y qualities alone, and portrayed by Boyle, in spite of 
Gassendi’s revival of Epicureanism, in essentially Cartesian 

^82 Boyle, in, 429. 

88Boyle,VI,711,ff. 

84 Boyle, in, 13. 
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tenns.B’’ Of such ultimate or primary qualities the most im¬ 
portant is motion,®® for Boyle follows Descartes’ conception, 
of the process by which the uniform res extensa was originally^ 
diversified into its various parts. “1 agree with the generality qfT 
philosophers so far as to allow, that there is one catholic or 
universal matter common to all bodies, by which 1 mean a 
substance extended, divisibie, and impenetrable. But because 
this matter being in its own nature but one, the diversity we 
see in bocfies must necessarily arise from somewhat else than 
the matter they consist of, and since we see not how than 
could be any change in matter, if all its parts were perpetually 
at rest among themselves, it will follow that to discriminate 
the oattmlio matter into variety of bodies, it must have motion ^ 
in some or all its designable parts; and that motion must hav^ 
various tendfinn.ie.s, that which is in this part of the matter 
tending one way, and that which is in that part tending an-' 
other." In fact it is just this attempt to account for variety 
and change by reducing them wholly to motion that leads us 
inevitably to the atomic theory.®® 

8 " Boyle, in, 292. “And there are some . . . qualities, nam^ 
size, shape, motion, and rest, that are wont to be reckoned 
among qualities which may more conveniently be esteemed 
the pr imaT y modes of the parts of matter, since from these 
simple attributes, or primor^al affections, all the qualities are 
derwed.” 

®® Following Galileo, Boyle also calls these absolute qualities; 
that is, in no circumstances can they be thought away from 
bodies. Ill, 22. 

S’Boyle, in, 15. * 

8 ® Boyle, m, 16: “It will follow, both that matter must be 
actually divided into parts, that being the genuine effect ol 
variously determined motion, and that each of the primitive 
fragments, or other distinct and entire masses of matter, must 
have two attributes; its own magnitude or rather size, and it 
own figure or shape. And since experience shows us that fhi! 
division of matter is frequently maele into insensible corpuscle 
or particles, we may conclude, that the minutest fragments, a 
weu as the biggest masses of the universal matter are likewisi 
i endowed, each with its own peculiar bulk and shape. . . 
j, Whether these accidents may not conveniently enough bi 
called the moods or primary affections of bodies, to distinguisl 
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Now althou^ the natural world as we see it could not have 
3 een produced without that infusion of motion which broke 
jp the primitive matter and forced its parts to combine in the 
ooanifold ways which account for present phenomena, yet (for 
reasons which will appear later) Boyle is eager to insist that 
platter as such did not need to be set in motion, i.e., motion is 
not an inherent quality of matter. More's conc^tion of ab¬ 
solute space helped him out at this point. A body is as truly a 
body when it rests, as when it moves, he points out, hence 
motion is not of the essence of matter,'^^ “which seems prin¬ 
cipally to consist in extension.”Boyle is not quite sure 
whether impenetrability can be deduced from extenrion 
'tlone^i; if not it must be included in the essential qualities of 
patter along with size and figure which are so deducible, but 
his main point is to insist that matter can in no wise move 
itself, it is dependent for its motion upon something that is 
not matter. Boyle criticizes Descartes for appearing to make 
platter independent of Ood. According to Cartesian principles 
^ God cannot abolish extension or the laws of motion.*^ 

Out of matter, then, variously moved in its different parts, 
both insensibly small and large, all the phenomena of nature 
without exception are to be explained.^^ Boyle, no more than 
Descartes or Hobbes, had caught the full vision of Galileo, 
that motion is to be expressed in exact mathematical terms; 
^ purpose when he descends to the detailed problems of the¬ 
ory is merely to show how, according to the principle of 
permutations and combinations, a small number of primary 
^^erences in bulk, figure, and motion can give rise in their 
various possible combinations to an almost infinite diversity of 

&em from those less simple qualities (as colours, tastes, and 
odours) that belong to bodies upon their accoimt, 1 shall not 
now stay to consider.” Cf. also 2S^3S. 

Boyle, V, 242. 

« Boyle, 11,42. 

« Boyle, IV, 198, ff. 

' «Boyle,IV,43,ff. 

, *8 Boyle, IV, 70, ff., especially 77, ff. 
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phenomena.** Boyle illustrates In various ways how the prim¬ 
itive homogeneous matter is broken up under the influence of k 
local motion into pieces of specific bigness and shape, some^ 
of which are at rest, others in motion; and that from these con.-; 
siderations it is possible to deduce seven other categories, an'»h ' 
as position, order, texture, etc., which furnish us with an ade¬ 
quate alphabet, out of which the book of the universe can be 
constructed. Lest even this seem insufficient, he points out that 
local motion itself is a principle of great diversity. “So likewise 
motion, that seems so simple a principle, especially in simple 
bodies, may even in them be very much diversified; for it may 
be more or less swift, and that in an infinite diversity of de-.,. 
grees; it may be simple or compounded, uniform or difiorm,'' 
and the greater celerity may precede or follow. The body may^i 
move in a straight line, or in a circular, or in some other curve 
line . . , the body may also have an undulating motion . , , 
or may have a rotation about its own middle parts, etc,”** 
Boyle was confident, of course, that his own experiments on 
aerostatics and hydrostatics admirably confirmed this wholly 
mechanical conception of the oiigia of forms and qualities, 
It is interesting to note that by Boyle’s time the new geo¬ 
metrical metaphysics had become so settled in the current oi 
intelligent thinking that rudimentary attempts begin to be 
made to give new meanings to some of the traditional meta¬ 
physical terms, with the intent of better fitting them into the 
language of the day. He proposes to use the term form, for 
example, to mean (instead of the scholastic essential qualities)'' 
“those mechanical afiections necessary to constitute a body of 

** Boyle, HI, 297, ff. “The . . . grand difficulty objected 
against the [corpuscularian] doctrine proposed by me about 
the origin of qualities . . . is . . . that it is incredible that 
so great a variety of qualities as we actually find to be in 
boffies should spring from principles so few in number as two, 
and so simple as matter and local motion; whereas the latter 
is but one of the six kinds of motion reckoned up by Aristotle 
and his folbwers . . . and the former, being all of one uniform 
nature, is according to us diversified only by the effects of 
local motion.” 

*® Boyle, in, 299. 
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that determinate kind.’’*® Nature, too. he wishes to rescue 
from the vague and varied uses to which it had been put m 
n nnipnt and medieval discussions, and define it m terms of the 
new dualism-it is not a collection of substances nor a mystm- 
(fus wielder of incalculable forces, but a system of mechanical 
laws; i.e., it is the world of matter and motion distinct from 
rational souls and immaterial spirits.*’ Boyle strongly oppose 
Ifore’s doctrine of angels and of a “spirit of natoe” or sul> 
Mdinate spiritual being operating toward certain ends, and 
thereby accounting for such phenomena of attraction as co¬ 
hesion, suction, gravity and the like.*® He is thorou^y con¬ 
vinced that these, like other qualitative phenomena, can be 
Explained on a corpuscularian or mechanical basis, though he 
^attempts no solution of the problems involved. 


D. Value of Qualitative and Teleological Explanatiom 

But for him the appeal to a mysterious entity is no genuine 
pxrlanatinn; to explain a phenomenon is to deduce it from 
gnmrthtTig else in nature more known than the filing to be ex¬ 
plained.*® Substantial forms and other covers for our i^- 
rance, like "nature," are therefore no explanations, they just 
are as unique as the things to be explained.®® At the same 


*9 Boyle, 111,28. 

^’Bovle. V, 177.—“Of universal nature, the notion I would 
dffer would be some such as t!to: that nature is the aggregate 
of the bodies that make up the world, fr^ed as it is, ron- 
sidered as a principle, by vW of which 
a nrm-ding to me laws of motion prescnbed by the Autor of 
thinga ... I shall express what I call general nature ^ cos- 
mechanism, /.e., a comprisal of all the mechanical affe^ 
tions (figure, size, motion, etc.) that belong to the matter of 
the great system of the universe.” 


*8 Boyle, V, 192, ff. 
*9 Boyle, ni, 46. 

80 Boyle, 1,308, ff. 
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time some qualitative explanations, where nothing better is 
available, are not worthless, for Boyle, like More, believes 
that the new philosophy has gone to unjustifiable eittrRm^ »s 
Descartes and Hobbes. The most satisfying explanations, to 
sure, are those m terms of bulk, ^pe, and motion, “yet are 
not those explications to be despised, wherein particular effects 
are deduced from the most obvious and familiar qualities or 
states of bodies, such as heat, cold, weight, fluidity, ha rdneiis, 
fermentation, etc., though these themselves do probably de¬ 
pend on those three universal ones formerly named.” Gravity 
offers a good example, “He, I say, may be allowed to have 
rendered a reason of a thing proposed, that thus refers the 
phenomena to that known affection of almost all bodies here^* 
below, which we call gravity, though he does not deduce thetf 
phenomena from atoms, nor give us the cause of gravity; as | 
indeed scarce any philosopher has yet given us a satisfactory ' 
account of it.” It was for the same reasons and in the same 
spirit that Boyle criticized teleological explanations; the valid¬ 
ity of final causality, unlike Descartes and Hobbes, he does not 'i 
at all csdl in question, but points out that an answer to the | 
ultimate why of anything is no substitute for an answer to the I 
immediate how. “For to explicate a phenomenon, it is not 
enough to ascribe it to one general efficient, but we must in¬ 
telligibly show the particular manner, how that general cause 
produces the proposed effect. He must be a very dull inquirer 
who, demanding an account of the phenomena of a watch, 
shall rest satisfied with being told, that it is an engine mdde^ 
by a watchmaker; though nothing be thereby declared of the 
stmcture and coaptation of the spring, wheels, balance, aritl 
other parts of the engine, and the manner, how they act on 
one another, so as to co-operate to make the needle point out 
the true hour of the day.” A total explanation of things is 
not the object of experimental science; that, indeed, will go far 
beyond mechanism; there is “the admirable conspiring of the 
several parts of the universe to the production of particular 
effects; of all of which it will be difficult to give a satisfactory l 
account without acknowledging an intelligent Author or Dis- 

61 Boyle, V. 245. 
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poser of thin gs .” ea But, Boyle reiterates in his reply to More’s 
criticisms of his experimental conclusions, . . supposing the 
world to have been at first made, and to be continually pre- 
. served by God’s power and wisdom; and supposing his general 
'concourse to the maintainance of the laws he has established 
in it, the phenomena I strive to explicate may be solved 
mechanically, that is by the mechanical affections of matter, 
without recourse to nature’s abhorrence of a vacuum, to sub¬ 
stantial forms, or to other incorporeal creatures. And there¬ 
fore if 1 have shown, that the phenomena I have endeavoured 
to account for, are explicable by the motion, bigness, gravity, 
shape [note the inclusion of gravity in this Ust], and other 
mechanicfll affcctions . . . , I have ^ne what I pretended.” 

It was important indeed for die onward march of the new 
philosophy of science that Boyle’s acceptance of teleology as 
a valid metaphysical principle did not lead him to apply it in 
physics^^; here he follows his great predecessors in holding 
that the immediate and secondary cause of any effect is always 
a prior motion of some sort. “The world being once consti¬ 
tuted by the great Author of things as it now is, I look upon 
the phenomena of nature to be caused by the local motion of 
one part of matter hitting against another.” “Local motion 
seems to be indeed the principal amongst second causes, and 
the grand agent of all that happens in nature; for though bulk, 

BaBoyle,II,76,ff. 

B8 Boyle, m, 608, ff. 

^ ^ Boyle, IV, 459. On space and time, Boyle’s ideas are not 
■'Very clear. His main interest in the latter was to reconcile it 
with the religious conception of eternity; as for space, he f^ 
to see any relation between it and motion, herice while denjring 
More’s notion of absolute space in words he is led to admit it 
by implication. He appears to follow Descartes’ position of 
the relativity of motion. The universe as a whole is not capable 
of local motion, for there is no body that it can leave or 
approach, but yet “if the outermost heavens should be im¬ 
pelled, by the inesistible power of God, this way, or that way, 
there should ensue a motion without change of place.” There 
appears to be some confusion of thought here, but Boyle no¬ 
where offers us a clearer analysis. 

««Boyle, in, 42; cf. also IV, 60,72, ff., 76, ff. 
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figure, rest, situation, and texture do concur to the pT'mnma.in 
of nature, yet in comparison of motion they seem to be in 
many cases, effects, and in many others little better than con¬ 
ditions, or requisites, or causes sine qua non,” but all these 
remain wholly inefficacious until actual motion occurs. Boyle 
is eager constantly to affirm, however, in refutation of Hobbes, 
that this applies only to secondary causes—to assert absolutely 
that motion is impossible except by a body contiguous and 
moved, is to involve oneself in an infinite regress and to deny 
ultimate causality by a spiritual deity.'^'' 


E. Insistence on Reality of Secondary Qualities—Con¬ 
ception of Man 

Boyle’s many agreements with Descartes have appeared fre¬ 
quently in the quotations thus far cited; when he comes to. 
treat of man’s place in the world and the mechanism of sen¬ 
sation, it is, as we should expect, the Cartesian dualism that 
furnishes the main backgrormd of his thought, but with a sig¬ 
nificant difference, for which we are pr^ared by his remark¬ 
ably moderate treatment of qualitative and teleologies 
explanations. Galileo and Descartes had been eager to banish 
man from the mathematical world of nature into a secondary 
and unreal realm—to be sure Descartes had maintained the 
independence of thinking substance—but the whole effect of 
his work, like that of Galileo, was to make man’s place and' 
importance seem very meagre, secondary, dependent. The real^ 
world was the mathematical and me chani cal realm of exten¬ 
sion and motion, man being but a puny appendage and i]> 
relevant spectator. This view had perva^d the mind of the 
age; Hobbes’ smashing materialism had powerfully aided it; 
in their absorption in the conquest of nature by mathematical 
principles, thinkers were forgetting that the being who was 
gaining this knowledge and victory must by that very achieve- 

*8Boyle,ni, 15. 

Boyle, IV, 167. 
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ment be a rather remarkable creature. Confrootmg this seem¬ 
ingly irresistible tendency to read man out of nature and be¬ 
little his importance, Boyle is eager positively to reassert the 
factual place of man in the cosmos and his unique dignity as 
the child of God. Hence the primary qualities are not more 
real than the secondary; since man with his senses is a part of 
the universe, aU qualities are equally real. To be sure, “if we 
should conceive ^ the rest of the universe to be annihilated 
save one such body, suppose a metal, or a stone, it were hard 
to show that there is physically anything more, in it than mat¬ 
ter, and the accidents we have already named [the primary 
qualities] . . . But now we are to consider, that there are de 
* facto in the world certain sensible and rational beings that 
1 we call men; and the body of man having several external 
parts, as the eye, the ear, etc., each of a distinct and peculiar- 
texture, whereby it is capable of receiving impressions from 
the bodies about it, and upon that account it is called an organ 
of sense; we must consider, I say, that these sensories may be 
' wrought upon by the figure, shape, motion, and texture of 
bodies without them after several ways, some of those external 
bodies being fitted to afiect the eye, others the ear, others the 
nostrils, etc. And to these operations of the objects on the sen¬ 
sories, the mind of man, which upon the account of its union 
with the body perceives them, gives distinct names, calling the 
one light or colour, the other sound, the other odour, etc." 
Easy enough it was for the mind to regard such sensible qual¬ 
ities as really existent in thin gs themselves, “whereas indeed 
there is in the body to which these sensible qualities are at- 
Itributed, nothing of real and physical, but the size, shape, and 
motion or rest of its component particles, together with the 
texture of the whole, that results from their being so contrived 
as they are.” At times Boyle is rather muddled about the 
matter; in one passage he is disposed to agree with the 
Aristotelians that “they [the sensible qualities] have an absolute 
being irrelative to us; for snow, for instance, would be white, 
and a glowing coal would be hot, though there were no man 
or any other animal in the world ... as the coal wiU not only 

B8Boyle,IU,22,ff.,35. 



182 


heat 01 bum a man’s hand if he touch it, but would likewise 
heat wax ... and thaw ice into water, although all the men 
and sensible beings in the world were annihilated.” Of course, 
this would hardly prove the coal hot, yet his general solution 
of the problem is fairly conservative; it is that in objects them-" 
selves these secondary qualities exist as “a disposition of its 
constituent corpuscles, that in case it were truly applied to the 
sensory of an animal, it would produce such a sensible quality 
which a.body of another texture would not, as though if there 
were no animals there would be no such thing as pain, yet a 
pin may, upon the account of its figure, be fitted to cause pain 
in case it were moved against a man’s finger . . Ina s mu ch, 
however, as there are men and animals in the world, such a 
“disposition” or “fitness” in things is just as real as the qualities 
it possesses in itself. “To be short, if we fancy any two of the 
bodies about us, as a stone, a metal, etc., to have nothing at all 
to do with any other body in the universe, it is not easy to 
concave how either one can act upon the other but by bcal 
motion ... or how by motion it can do any thing more than 
put the parts of the other body into motion too, and thereby 
produce in them a change of texture and situation, or of some 
other of its mechanical affections; fiiough this (passive) body 
being placed among other bodies in a world constituted as outs 
now is, and being brou^t to act upon the most curiously con¬ 
trived smaories of animals, may upon both of these accounts 
exhibit many differing sensible phenomena, which, however 
we look upon them as distinct qualities, are consequently but “ 
the effects of the often-mentioned catholic affections of mat-« 
ter.” 

That Boyle should have felt it necessary to point out so 
emphatically "that there are de facto in the world certain sen¬ 
sible and rational beings that we call men,”^^ is a highly 
significant commentary on the scientific mind of his time. In 
Boyle himself this emphasis is due, not so much to a conviction 
that the astounding achievements of mechanical science neces- , 
sarily implied a significant place in the world for its inventor, 

Boyle, m, 36. 
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but rather to his rdigious interests,the assertion of human 
worth being uniformly more flavoured with the latter than 
with the former. “Matter, how vastly extended, and how 
curiously shaped soever, is but a brute thing that is only capa¬ 
ble of local motion, and its effects and consequents on other 
bodies, or the brain of man, without being capable of any true, 
or at least any intellectual perception, or true love or hatred; 
and when I consider the rational soul as an immaterial and 
immortal being, that bears the image of its divine maker, be¬ 
ing endowed with a capacious intellect, and a will, that no 
creature can force: I am by these considerations disposed to 
think the soul of man a nobler and more valuable being, than 
the whole corporeal world.” Some touches of the medieval 
teleological hierarchy are thus reafSrmed in Boyle, against the 
prevailing current. 

Just what is man, however, this curious perceiver of sen¬ 
sible qualities, this being that loves and hates, and has a ra¬ 
tional soul? Boyle’s views here are strictly Cartesian. Man’s 
body, being body, is mechanical like the rest of nature; men 
are “engines endowed with wills,” Elsewhere the non-cor- 
poreal part is characterized as an “immaterial foim,””^ or, 
quite frequently, as above, a “rational soul.” More’s doctrine 
of the extension of spirit he entirely rejects; the soul is not only 
indivisible but also unextended,^* for which reason, Boyle 
holds, it must be immaterial and immortal. Furthermore, the 
prevalent notion of spirit as a thin vapour or breath, he sets 
definitely aside as a confusion of terms. “When I say that spirit 
is incorporeal substance ... if he should answer, that when 
''he hears the words incorporeal substance, he imagines some 
aerial or other very thin, subtile, transparent body, I shall re¬ 
ply, that this comes from a vicious custom he has brought him- 
s^ to, of imag inin g something whenever he will conceive any- 

80 Cf. IV, 171; V, 517. 

81 Boyle, rv, 19,fli. 

82 Boyle, V, 143. 

8* Boyle, in, 40. 

8* Boyle, V, 416. 
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thing, though of a nature incapable of being truly represented 
by any image in the fancy. . . . Because the use of imagining, 
whenever we would conceive thii^, is so stubborn an impedi- ^ 
ment to the free actings of the mind, in cases that require pure 
intellection, it will be very useful, if not necessary, to «rpiTC|fnni' 
ourselves not to be startled or frighted with every thing that 
exceeds or confounds the imagination, but by degrees to tr^ 
up the mind to consider notions that surpass the imaginatini^ 
and yet are demonstrable by reason.” 

All this soimds Cartesian enough, and when Boyle comes 
to describe in detail the process of sensation he is a thoroughly 
orthodox follower of the ambiguous Cartesian psychology as it 
has come to be popularly interpreted. Just note with care his 
portrayal of the facts. The soul is something unextended®®; at 
the same time it resides in the conarion, to which the impres¬ 
sions of external bodies on the sensories are carried as motions 
of nerve fibres, “where these differing motions being perceived 
by the there residing soul, become sensations, because of the 
intimate union ... of the soul with the body.” Boyle takes it 
for granted, too, that our ideas are stored up for future use in 
a small part of the brain.®^ Hobbes’ modification of Descartes 
has not escaped him. He notes, however, some of the difficulties 
involved in the union of incorporeal with corporeal substance, 
being especially interested in the fact that particular sensations 
are not really explained by the theory. “For I demand why, 
for instance, when I look upon a bell that is ringing, such a 
motion or impression in the conarion produces in the mind 
that peculiar sort of perception, seeing and not hearing; and * 
another motion, though coming from the same beh, at thes 
same time, produces that quite different sort of perception, 
that we call sound, but not vision; what can be answered but 
that it was the good pleasure of the author of human nature 
to have it so.” ®® He observes that at such points we are no 
better ofl than the scholastics with their occult qualities. 

®B Boyle. VI, 688, ff. Q&. also 796. 

«® Boyle, IV, 44. ^ 

®’f Boyle, IV, 454. 

«8Boyle,IV,43,ff. 
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,F. Pessimistic View of Human Knowledge—^PositiAusm 

Here we come upon one of the most interesting and his¬ 
torically significant features of Boyle’s philosophy, his episte¬ 
mology, for Boyle began to see some of the difficulties for a 
theory of human knowledge involved in this position. Though, 
to be sure, he appeals to religion to help him over his final 
difficulties here (thereby following the example set by the other 
champions of the new science), yet his statement is so closely 
^ alrin to that of Newton that it deserves careful attention. We 
might well ask, as we examine the metaphysics of the age— 
with its prevalent conception of the soul located within the 
body, where it is affected by the primary motions coming to 
the various senses and promulgated to its seat in the brain- 
how any certain knowledge at all is possible of the real cor¬ 
poreal world outside, with which the soul is never in contact? 
How is it possible for it to build up an orderly system of ideas 
that shall truly represent a world forever inaccessible to it? 
How, indeed, do we know that there is any such world? But 
it took a long time for men to feel this difficulty in all its 
overwhelming force; even Locke, who in the Essa^ finds him¬ 
self securely caught in it, fails to see the inevitably sceptical 
consequence of his position. Galileo and Gilbert had dimly 
sensed that the new mataphysics meant a rather meagre realm 
'"of human knowledge, and the ancients were not unfamiliar 
'With the ultimate difficulties about knowledge that certain doc¬ 
trines of sensation invoived. But now Boyle raises the doubt, 
stiU rather naively and innocently, on the basis of the new 
psychology, and it is vital to our purpose to observe that he 
readily abandons the more consistrait form of Descartes’ du¬ 
alism in favour of important elements from Hobbes; he pic¬ 
tures the soul as entirely shut up within the brain. “And if it 
be a necessary imperfection of human nature that, whilst we 
remain in this mortal condition, the soul, being confined to the 
dark prison of the body, is capable . . . but of a dim knowl¬ 
edge; so much the greater value we ought to have for Christian 
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religion, since by its means ... our faculties will be elevated 
and enlarged.” ®9 This dimness and meagre reach of knowl¬ 
edge is what we should expect in a world constituted like ours; 

“I see no necessity that intelligibility to a human understand- " 
ing should be necessary to the truth or existence of a thing," 
any more than that visibility to a human eye should be neces¬ 
sary to the existence of an atom, or of a corpuscle of air, or of 
effluviums of a loadstone, etc.” Viewing such statements in 
the light of the whole development, how natural they seeml 
The mind of man had come in touch with a vast realm of be¬ 
ing, which seemed to it pre-eminently real, yet in which, in 
view of the current metaphysical spectacles, its own e yistRiy y. 
and knowledge seemed incomparably restricted and petty, and ’ 
to which they were wholly irrelevant. Boyle’s further com- ■ 
ments in this connexion, however, are rather simple. He ob¬ 
serves that we know very little about the celestial globes and 
the deeply subterranean parts of the earth; our experience and 
inquiries deal only with the ‘’crust or scurf of the earth,"''! 
which is but a “small (not to say contemptible) portion," Our 
knowledge is “confined to but a small share of ffle superficial 
part of a physical point.” 

The moral of all this to Boyle is that we must not reject 
things because they transcend our intelligence, but consider 
whether it may not be because our capacities are too limited 
to grasp them. This applies both to science and religion, es¬ 
pecially the latter. 

It is largely in this mood that Boyle becomes flavoured in 
his thinking with that conception of science that we have" 
noted already in Galileo and which has later come to be desig-^ 
nated by the name of positivism. Important touches of the 
positivistic spirit are to be found in Harvey,'® and Boyle now 
relates it to the total philosophical situation. Since the reach of 
human knowledge is so small in comparison with the totality 

Boyle, rV, 45. Cf. Locke’s Essay, II, 11Locke was inti¬ 
mately acquainted with both Boyle and Newton. 

™ Boyle, IV, 450; cf. also VI, 694, ff. : 

■f! Boyle, IV, 50, 

Harvey (Everyman edition), p. 16, ff. 
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of being, it is ridiculous to attempt the projection of great 
systems; better to have a little knowledge which is certain be¬ 
cause based on experiment, and is growing,' though always in- 
, complete and fragmentary, than to construct large speculative 
hypotheses of the universe.^^ In much of bis work Boyle con¬ 
sciously avoids unyielding theories of phenomena, and contents 
himsdf with gadieiing facts and ofiering suggestions which 
might prq>are the way for some future “sound and compre¬ 
hensive hypothesis.’’ He severely criticizes the eagerness of 
the human mind to know a great deal before it makes sure, by 
careful observation and experiment, that its knowledge is 
I, genuine.''" “It is not, that I at all condemn the practice of 
those inquisitive wits, that take upon them to explicate to us 
even the abstrusest phenomena of nature. ... I admire them 
when their endeavours succeed, and applaud them even when 
they do but fairly attempt ... but I have hitherto, though 
not always, yet not unfrequently found, that what pleased me 
for a while, as fairly comporting with the observations, on 
which such notions were grounded, was soon after disgraced 
by some further or new experiment.” ™ Hence while not con¬ 
futing such opinions except whm:e he judged them “impedi¬ 
ments to the advancement of experimental learning,”''t nor 
even then unless he believed he “could bring experimental ob¬ 
jections against them,” Boyle was chiefly anxious to secure the 
full recognition on the part of bis contemporaries in the new 
science of a definitely experimental standard. “For it is none 
^of my design, to engage myself with, or against any one sect 
of naturalists, but barely to invite you to embrace or refuse 
'opinions, as they are consonant to experiments, or clear reasons 
deduced thence, or at least analogous thereunto.” Difficult 
problems, such as the composition of the continuum, do not 
need to be solved before science can proceed further; “because 

78 Boyle, 1,299, fl. 

7* Boyle, 1,695; cf. also 1,662, fl. 

» 7b Boyle, IV, 460. 

78 Boyle, 1,307; cf. also IV, 235, ff. 

77Boyle,I,311,ff. 
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probably bring for proofs several of the phenomena 1 am 
about to relate; but whether there be or be not in the world 
any matter that exactly answers to the descriptions they mairn 
of their first and second elements I shall not here discuss, < 
though divers experiments seem to argue that there is an ethe¬ 
real substance very subtle and not a little diffused.” ^ As to 
just how he conceives this substance, the following passage is 
illuminating. “I considered, that the interstellar part of the 
universe, consisting of air and ether, or fluids analogniw to one 
of them, is diaphanous; and that the ether is as it were, a vast 
ocean, wherein the luminous globes, that here and there, like 
fishes, swim by their own motion, or like bodies in whirlpools 
are carried about by the ambient, are but very thinly dis¬ 
persed, and consequently that the proportion t^t the fiTad 
stars and planetary bodi^ bear to the diaphano us part of the 
world, is exceeding small, and scarce considerable.” 

Now it is highly important to observe, in connexion with the 
theory of the ether, that by Boyle’s time an ethereal fluid had 
become commonly appealed to for the fulfilment of two very 
diverse functions in the realm of matter. One such function 
was the communication of motion by successive impact, 
which became central in the mechanical system outlined by 
Descartes, and furnished an explanation of all those experi¬ 
ments which told against the existence of a vacuum in nature. 
This conception of motion as proceeding always by the impact 
of material bodies was so much in line with the postulates and 
methods of the new science that it was scarce possible for any^ 
thinker of importance to avoid the conviction that something 
of the sort must be true; consequently the vigour with which 
philosophers of all groups attacked the notion that there could 
be any such thing as action at a distance. Even More had to 
have an extended God in order to show how he could exert 
his power at any point of space he pleased. According to this 
conception, the ether was naturally conceived as a homoge¬ 
neous, phlegmatic fluid, filling all space that was not occupied 
by other bodies, and possessing no characteristics that could 

88 Boyle, m, 309. 

84 Boyle, in, 706. 
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not be deduced from extension. Its other function was to ac¬ 
count for curious phenomena like magnetism, in which forces 
were apparently at work of a unique kind, such as could not 
(be reduced to those universal, orderly, mechanical motions, 
for the propagation of which the ether in its first function was 
called upon. Thinkers like More, whose main motive was 
religious, were content with traditional conceptions of a “spirit 
of nature” at this point, an extended being which possesses 
powers of vegetation, nourishment, regulation and guidance, 
without consciousness, reason, or purpose. More scientific 
minds, too, allowed their imaginations to wander somewhat 
loosely in these traditional pafiis, but gradually more hopeful 
hypotheses were tried. Oilbert’s ethereal notions, as we noted, 
were highly speculative, and followed the ancient system of 
ideas in large measure; in Boyle the suggestion appears that a 
more scientific approach to the problem of the ether might be 
made if we assume in it two kinds of matter, one homogeneous 
and fitted to perform the first function, the other possessed of 
such powers as will account for the phenomena of the second. 
“It may not, therefore, be unseasonable to confess to you that 
I have had some faint suspicion, that besides those more nu¬ 
merous and uniform sorts of minute particles that are by some 
of the new philosophers thought to compose the ether I lately 
discoursed of, there may possibly be some other kind of cor¬ 
puscles fitted to have considerable operations, when they find 
congruous bodies to be wrought on by them; but though it is 
^possible, and perhaps probable, that the effects we are con- 
spidering may be plausibly explicated by the ether, as it is really 
understood, yet I somewhat suspect that those effects may not 
be due solely to the causes they are ascribed to, but that 
there may be, as 1 was beginning to say, peculiar sorts of 
corpuscles that have yet no distinct name, which may discover 
peculiar faculties and ways of working, when they meet with 
bodies of such a texture as disposes them to admit, or to con¬ 
cur with, the efficacy of these unknown agents. This suspicion 
, of mine wUl seem the less improbable if you consider, that 
though in the ether of the ancients there was nothing taken 
notice of but a diffused and very subtle substance; yet we are 
at present content to allow that there is always in the air a 
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swarm of steams moving in a determinate course between the 
north pole and the south.” 

This distinction between two kinds of ethereal matter, mnitn 
in order that the ether might furnish an adequate explanation-^, 
of these two types of phenomena, we shall meet again in New-, 
ton, who wrote of its possibilities in a letter to Boyle, some 
ten years after Boyle had penned this paragraph (1679). In 
the meantime scientists were quite at sea as to the status of 
gravity in this cotmexion. Were the phenomena of gravity ex¬ 
plicable mechanically, or were they essentially magnetic or 
electric in their nature? We have noted how Gilbert cham¬ 
pioned the latter view—the earth is a huge magnet, and even ^ 
the relation between the earth and the moon is to be under-" 
stood magnetically—his view was on the whole dominant' 
among Engilish experimental scientists, while it exercised con¬ 
siderable infuence on such continental luminaries as Galileo 
and Kepler. Descartes was the great champion of the former 
view; by supposing that the all-pervading ethereal medium fell 
into a series of vortices of varying sizes, he held it possible to 
explain the phenomena of gravity entirely medranicaUy, t.e., 
without attributing to either the ethereal matter or other 
bodies any qualities not deducible from extension. As we have 
observed, the mere fact that the ether assumes and maintains 
the vortical form implies in it qualities that go far beyond 
extension, but the weight of Descartes’ great name and 
achievements upheld the conception as an exceedin^y alluring 
one, especially to those who saw in mathematical mechanlcs..i« 
the possible key to all the secrets in nature. In terms of th^ 
main movement of the times, it seemed like a more scientific , 
hypothesis than the other. In the main, Boyle was inclined to 
side with Descartes on this point, though with a rather loose 
interpretation of the word “mechanical.” Newton, as we shall 
see, uphdd the other view, while he also suggested a possible 
way of combining the two. 

On March 21, 1666, Robert Hooke wrote a letter to Boyle, 
in which he described various experiments he had made on the -9^ 
subject of gravity, partly to determine whether the force of 


“ Boyle, m, 316. 
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|ravicy increased and decreased according to some regular 
, l&w, and partly to decide whether it was magnetic, electric, or 
of some other nature.^^ Hooke observed that the results se- 
^cujjfed were indecisive. A little later in the same year (July 
Boyle received a letter from John Beale,in which the 
' latter urged Boyle to offer an explanation of gravity, observing 
','l!hat it seemed to have important bearings on both mechanics 
Wd magnetism. Early in the seventies Boyle is still unwilling 
to give any definite hypothesis about gravity, but sees no harm 
in calling it mechanical in nature, “since many propositions of 
Archimedes, Stevinus, and those others, that have written of 
statics, are confessed to be mathematically or mechanically 
; demonstrated, though those authors do not take upon them 
to assign the true cause of gravity, but take it for granted, as 
a thing universally acknowledged, that there is such a quality 
in the bodies they treat of . . . Since such kind of explications 
have been of late generally called mechanical, in respect of 
their being generally grounded upon the laws of the mechan¬ 
ics; I, that do not use to contend about names, sufier them 
quietly to be so.”*® This extract is from Boyle’s reply to 
More’s objections to his published assertion that his experi¬ 
ments on die weight and elasticity of the air showed that such 
phenomena were explicable on mechanical principles; and as 
long as there was no defined and recognized meaning for the 
term mechanical, it is difficult to see how such debates coiild 
be either avoided or settled. More and Boyle were sufficiently 
at one, however, in their religious interests not to be in pro- 
'found disagreement on any subject; in fact ten years later 
^pyle was careful to speak of gravity in language that would 
^ve been entirely pleasing to More.*® 

*« Boyle, VI, 505, ff. 

*T Boyle, VI, 404, ff. 

“Boyle, III, 601. 

®® Boyle, V, 204—“It is obvious to them that will observe, that 
that which makes lumps of earth, or terrestrial matter, fall 
through the air to the earth is some general agent, whatever 
that be, which accordin|| to the wise disposition of ffie Author 
[m the universe, determines the motion of those bodies we call 
hbavy, by the shortest ways that are permitted them, towards 
the central part of the terraquaeous ^obe.” 
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H. God’s Relation to the Mechanical World 


Boyle’s deeply religious character has been patent enc^l 
from many of the quotations already cited. It is rimp 
ever, to fix our attention on this side of his philosophy t ' 
directly, and to note its ultimate relations, in his own m 
to experimental science. His religious activities were 
farious; among other things he contributed heavily towar6^|i 
support of missionaries in far comers of the globe, and 
ried on quite a correspondence with some of them, inclui^ 
ing John Bliot of New England fame. He founded the famods^ 
series of Boyle lectures, in which he hoped that answen 
would be oflered to the new objections and difficulties in ts 
way of accepting the Christian religion, arising from the (w 
velopments of the time in science and philosophy. Dr. Bentley, 
an important correspondent of Newton, became the first lefr 
turer on the Boyle foundation. We learn from Birch’s Life of 
Boyle, that “he had so profound a veneration for the Deity that 
the very name of God was never mentioned by him without! 
pause and a visible stop in his discourse; in which Sir Fetec 
Pett, who knew him for almost forty years, afiSrms that ht 
was so exact, that he did not remember to have observed hin 
once to fail in it.’’ Experimental science was to Boyle, as t( 
Bacon, itself a religious task. . . So much admirable work 
manship as God hath displayed in the universe, was nevefr 
meant for eyes that wilfully close themselves, and afifronUik^ 
with the not judging it worthy the speculating. Beasts inhaa [ 
and enjoy the world; man, if he will do more, must study aoi 
spiritudize it.’’®i He was eager that others might undertall 
the work of science in the worshipful spirit of religion, praying' 
for example, in his will that the Royal Society might refer ni 
their attainments to the glory of God. 

What, to Boyle, were the fundamental facts of experiecxi 

»“ Boyle, 1,138. 

91 Boyle, m, 62. 
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dearly point to the existence of God? Two types of fact 
,%Ser8 most profusely in this connaion, the fact of human 
^on and inteUigence, and the fact of order, beauty, and 
ptation in the universe at large. “I make great doubt, 
ther there be not some phenomena in nature, which the 
; joists cannot satisfactorily explain by any figuration, mo- 
or connexion of material particles whatsoever: for some 
.'iilties and operations of the reasonable soul in man are of 
/peculiar and transcendent a kind, that as I have not yet 
<^]td them solidly explicated by corporeal principles, so 1 ex- 
not to see them in haste made out by such.” Just 
kind of a God this fact implies, and what his relations 
the intelligible world of nature must be in detail, Boyle 
as^we shall see, answers in terms of traditional doctrine rather 
than by an attempt to secure a fresh insigiht into the problem, 
regards his second, more distinctively teleological argu- 
ent, compare the following statement, selected from many 
available: “That the consideration of the vastness, beauty, 
and regular motions of the heavenly bodies; the excellent 
structure of animals and plants; besides a multitude of other 
phenomena of nature, and the subserving of most of these to 
man; may justly induce him as a rational creature, to conclude, 
that .this vast, beautiful, orderly, and (in a word) many ways 
admirable system of things, that we call the world, was 
teamed by an Author supremely powerful, wise and good, 
,<!an scarce be denied by an intelligent and unprejudiced con- 
a^erer.” 

Once having established God, Boyle is content to interpret 
^ place in the world and relation to man in accepted Chris- 
fashion. He is the God who has given us direct and special 
formation about himself and our duties to hini in the Holy 
Scriptures, which are an object of study more valuable than 
any knowledge we can acquire through a study of nature.®* 
It is “not grateful, to receive understanding and hope of 
etem.al felicity from God, and not study what we can of His 

^Boyle,n.47,ff. 

' j:^oyle. V, 515, fl.; cf. 136; IV, 721. 
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nature and purposes through His revdation . . . [or! to 

.bout Ite p„perte. p, „ ^ »d L 3 
about the inquiry into the properties of the ereat Goa A 
formed aU things.” *5 Science and theology are thus SJ 3 
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toowledge, leads Boyle to a definite rejection of DescartSi 
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has there displayed his manifold wisdom in productions very 
diSerent from those wherein we here admire it ... In these 
j^ther worlds we may suppose, that the original fabric, or that 
^ame, into which the omniscient architect at first contrived 
# the parts of their matter, was very different from the structure 
of our system; besides this, I say, we may conceive, that there 
may be a vast difference between the subsequent phenomena 
and productions observable in one of those systems, from what 
regularly happens in ours, thou^ we should suppose no more, 
&an that two or three laws of local motion, may be differing 
in those unknown worlds, from the laws that obtain in ours. 
. . . Ood may have created some parts of matter to be of 
themselves quiescent. . . and yet he may have endowed other 
parts of matter with a power like that which the atomists as¬ 
cribe to their principles [second function of the ether] of 
fetlessly moving thenaselves, without losing that power by the 
potion they excite in quiescent bodies. And the laws of this 
^propagation of motion among bodies may not be the same 
with those that are established in our world.” ®® 

As we should expect from these arguments for God’s ex¬ 
istence and power, the first and foremost function of the Deity 
in the economy of the universe was to set it in motion, in 
such ways that the orderly and harmonious system now re¬ 
vealed in it should result.®® 


Boyle, V, 139. 

^® Boyle, V, 413, ff.—“The most wise and powerful Author of 
, nature, whose piercing sight is able to penetrate the whole 
universe and survey all parts of it at once, did, at the beginning 
things, frame things corporeal into such a system, and set- 
Iped among them suw laws of motion, as he judged suitable 
Sto the ends he proposed to himself in making the world; and 
'as by virtue of his vast and boundless intellect, that he at first 
employed, he was able, not only to see the present state of 
things he had made, but to foresee all the effects, that partic¬ 
ular bodies so and so qualified, and acting according to the laws 
of motion by him established, could in such and such circum¬ 
stances have on one another; so, by the same omniscient 
^wer, he was able to contrive the whole fabric, and all the 
'^aits of it, in such maimer, that whilst his general concourse 
maintained the order of nature, each part of this great engine, 
the world, should, without either intention or knowledge, as 
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and free agent is bound to regulate his actions. But inanimate 
bodies are utterly incapable of understanding what a law is 
. . and therefore the actions of inanimate bodies, which can- 
^not incite or moderate their own actions, are produced by 
real power, not by laws.” This thought, that inasmi^b as 
the world cannot know what it is doing, its orderly and law- 
abiding behaviour must be accounted for by real, constant, 
intelligent power, occurs in other passages^®* in Boyle. No¬ 
where is there any dear attempt to reconcile this with the 
position that the laws of motion and the phenomena of gravity 
represent quite self-sufficient mechanical operations. 

■t God is thus conceived, not only as the first cause of things, 
but also as an active, intelligent being in the present, ever 
watchful to maintain the harmonious ssrstem of the world and 
to realise desirable ends in it^®* His “knowledge reaches at 
snce, to all that he can know; his penetrating eyes pi»^ 
'quite through the whole creation at one look. . . , God be¬ 
holds at once all, that any one of his creatures in the vast 
universe, either does or thinks. Next the knowledge of God is 
not a progressive, or discursive thing , like that acquired by 
our ratiocinations, but an intuitive knowledge . . . God . . . 
needs not know any one thin g by the hdp of another, but 
knows everything in itsdf (as being the Author of it) and all 
things being equally known to him , he can, by looking if I may 
so speak, into himself, see there, as in a most divine and 
jffiniversal looking-glass, everything that is knowable most dis¬ 
tinctly, and yet all at once.” tos Hus encomiiun of the divine 
intelligence reminds us of Galileo and Descartes; it even 
*^ours somewhat of More’s extended Deity, which Boyle had 
jpeviously denied. In one interesting passage, in fact, Boyle 
quite forgets his antagonism to this doctrine of the Cambridge 
divine. Things happen “as if there were diffused through the 
universe an intelligent being, watchful over the public good 
of it, and careful to administer all things wisely for the good 

102 Boyle, V, 520. 
g^i8Boyle,cf.n,38.40,ff. 

10* Boyle, V, 140. 

10® Boyle, V, 150. 
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of the particular parts of it, but so far forth as is nnnskf^n t 
with the good of the whole, and the preservation of the 
primitive and catholic laws established by the supiemett 
cause.” 

Now in such a passage as this Boyle is obviously going be¬ 
yond even the conception of God as needed to maintain the 
system of the world by his “general concourse”; he is adding 
the doctrine of a particular providence and attempting to rec¬ 
oncile it with the rule of universal law in the Stoic fashion. 
Particular individuals, or parts of the universe, are “only so 
far provided for, as their welfare is consistent with the general 
laws settled by Ood in the universe, and to such of those en^ 
as he proposed to hims elf in framing it, as are more consider¬ 
able than the welfare of those particular creatures.” i®'' At 
the same time consistency with the general laws just mentioned 
must not be pressed, for “this doctrine [is not] inconsistent 
with the belief of any true miracle, for it supposes the ordinary 
and settled course of nature to be maintained, without at all 
denying, that the most free and powerful Author of nature h 
able, whenever He thinks fit, to suspend, alter, or contradici 
those laws of motion, w hich he alone at first established and 
which need his perpetual concourse to be upheld.” ^®® Ood 
might thus at any time, “by withholding his concourse, or 
changing these laws of motion, that depend entirely upon his 
will , . . invalidate most, if not all, the axioms of naturfd 
philosophy.” i«® ’■ 

Hence, although Ood ordinarily confines the motions of 
matter to the regular laws originally established in it, yet hal 
has by no means surrendered his right to change, its ope^si^^^gr 
in the Interest of some new or special purpose. What t^es 
event does Boyle intend to include under the head of miracle!,*, 
in this sense? First, of course, the miracles recorded in revela- ( 
tioiL It will not follow from the existence of regular laws in 
naturei, "that the fire must necessarily bum Daniel’s three com- 

1 ®# Boyle, n, 39. Italics ours. 

107 Boyle, V, 251, flE. 

108 Boyle, V, 414. 
i®»Boyle,IV,161,ff. 
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paujoiis or their clothes, that were cast . . . into the midst 
of a burning fiery furnace, when the author of nature was 
pleased to withdraw his concourse to the operation of the 
flames, or supematurally to defend against them the bodies 
that were exposed to them.”^“ Secondly, Boyle counts a 
miracle the union of a rational, imm ortal soul with a physical 
body at birth;^^^ thirdly, prayer for special help in times of 
gjpVnffsa he does not think it becomes a Christian philosopher 
to pronounce hopeless;^^® and fourthly, he is disposed to think 
that there are many more irregularities in the cosmos at large 
than we are tempted to admit. “When I consider the nature of 
^rute matter, and the vastness of the bodies that make up the 
world, the strange variety of those bodies that the earth does 
comprise, and others of them may not absurdly be presumed 
m contain; and when I likewise consider the fluidity of that 
jvast interstellar part of the world wherein these globes swim; 

cannot but suspect that there may be less of accurateness, 
and of constant regularity, than we have been tau^t to be¬ 
lieve in the structure of the universe.” As examples he 
cites the spots on the sun, which he interprets as an irregular 
vomiting of quantities of opaque matter; and the comets, 
which were a great matter of wonder and mystery to all scien¬ 
tists of the day. Boyle holds it more satisfactory to attribute 
these types of event to the immediate interposition of the divine 
>«uthor of things, than to call in some third entity or subordi- 
^nate being, such as nature. Ood doubtless has ends far 
transcending those which are revealed in the harmonious 
system discovered by science. 

It is noticeable, however, that Boyle is eager not to over- 
Bstress the importance of miracles; the main argument for God 
^and providence is the exquisite structure and symmetry of the 
world—regularity, not irregularity—and at moments when his 
scientific passion is uppermost, he almost denies everything he 
has claimed for the present direct interposition of the deity. 

i“Boyle,IV,162. 

Boyle, III, 48, ff. 

112 Boyle, V, 216, ff. 

11® Boyle, m, 322. 



202 


If God “but continue bis ordinary and general concourse, 
there will be no necessity of extraordinary interpositions, 
which may reduce him to seem, as it were, to play after games; i 
all those exigencies, upon whose account philosophers and 
physicians seem to have devised what they call nature, being 
foreseen and provided for in the first fabric of the world; so 
that mere matter so ordered, shall. . . do all. . . according to 
the catholic laws of motion.” The universe is distinctly 
not a puppet, whose strings have to be pulled now and again, 
but “it is like a rare dock, such as may be that at Strasburg, 
where all things are so skilfully contrived, that the engine 
being once set a-moving, aU things proceed according to th% 
artificer’s first design, and the motions ... do not require the 
peculiar interposing of the artificer, or any intelligent agent 
employed by him, but perform their functions upon particular 
occasions, by virtue of the general and primitive contrlvanc^i 
of the whole engine.” 

This reinterpretation of theism, which we meet with in 
Boyle, to the end of relating it definitely to the new scientific 
conception of the world, we shall find repeated almost point 
for point in Newton, save for being shorn of its most extreme 
ambiguities. The only other Infiuences at all comparable m 
this aspect of Newton's philosophy were those of More and of 
the theosophist, Jacob Bodime. The former was Newton's 
colleague at Cambridge, and the latter, whom he read copi-,. 
ously, must have strengttiened his conviction that the universe 
as a whole is not mechanically but only rdigiously explicable. 

We are now equipped to consider, in somewhat fuller detail'^ 
than has been devoted to any thinker thus far, the metaphysidi^ 
of the man whose epoch-mddng conquests for science enabled! 
him to turn the bulk of the convictions so far reached from j 
still dubitable assumptions into almost hallowed axioms for f 
the subsequent course of modem thought. Before we do so, 
however, let us summarize the central steps in the remarkable 
movement we have been tracing. 

Boyle, V, 163. 
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I. Summary of the Pre-Newtonian Development 

Copernicus dared to attribute to the earth a diurnal motion 
on its axis and an annual motion around the sun, because of the 
greater mathematical simplicity of the astronomical system 
thus attained, a venture whose metaphysical implications he 
could accept because of the widespread revival in his day of 
the Platonic-Pythagorean conception of the universe, and 
iwhich was suggested to his mind by the preceding develop¬ 
ments in the science of mathematics. Kepler, moved by the 
beauty and harmony of this orderly system of the universe 
.and by the satisfaction it accorded his adolescent deification 
i^of the sun, devoted himself to the search for additional geo¬ 
metrical harmonies among the exact data compiled by Tycho 
Brahe, conceiving the harmonious relations thus laid bare as 
the cause of the visible phenomena and likewise as the ulti¬ 
mately real and primary characteristics of things. Galileo was 
led by the thought of the motion of the earth and its mathe¬ 
matical treatment in astronomy to see if the motions of small 
parts of its crust might not be mathematically reducible, an 
attempt whose successful issue crowned him as the founder of 
.. a new science and led him in his efiorts to see the fuller bear- 
‘^mgs of what he had accomplished to further metaphysical 
inferences. The scholastic substances and causes, in terms of 
which the fact of motion and its ultimate why bad been ac- 
^unted for teleologically, were swept away in favour of the 
Fnotion that bodies are composed of indestructible atoms, 
equipped with none but mathematical qualities, and move in 
an infinite homogeneous space and time in terms of which the 
actual process of motion could be formulated mathematicEdly. 
Intoxicated by his success and supported by the onrushing 
Pythagorean tide, Galileo conceived the whole phydcal imi- 
verse as a world of extension, figure, motion, and weight; aU 
A)ther qualities which we suppose to exist in rerum nature 
really have no place there but are due to the confusion and 
deceitfidness of our senses. The real world is niathematip. n1, 
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reducible motions of its atomic elemenf«®h^ quantitatively 
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towards a fuller future lienee tentative step, 

Descartes found himself S ^ ' 
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motions, and that valid explanations in any field whatever 
must be explanations in terms of elementary parts whose 
'temporal relations are to be conceived after the fashion of 
efiSdent causality solely. More, painfully following the develop¬ 
ments of the new scientific philosophy, was willing to assent to 
everything asserted so far (except the Hobbesian reduction of 
the mind to vital motions), if it be granted that God is in¬ 
finitely extended throughout space and time and has at his 
disposal a subordinate spiritual being, the spirit of nature, by 
which he can hold togetW in an orderly and purposive system 
a world which if left to mechanical forces alone would in- 
^tably fly apait. This conception, More maintained, would 
have the additional advantage of properly disposing of space— 
our scientific methods imply its absolute and real existence, 
and it reveals an exalted set of attributes—it is therefore to be 
Regarded as the omnipresence of God, as distinguished from 
'his other faculties. Barrow presents a similar treatment of 
time, but with a significant difference. Apart from the religious 
reference, neither space nor time is aug|ht but potentiality, 
yet language about them appropriate only to that reference is 
freely used in purely scientific connexions, furthering among 
those more interested in science than religion the conception 
of space and time as infinite, homogeneous, absolute entities, 
quite independent of bodies, motions, and human knowledge. 
. In the meantime a more empirical scientific movemrait was 
irunder way, led in England by such Investigators as Gilbert and 
Harvey, and proceedhag by the method of specific hypothesis 
and experiment rather than that of geometrical reduction, 
y^s method was applied to the solution of certain hitherto 
rrefractory physical problems and to the revolutionizing of 
^chemistry by Robert Boyle, who had also been powerfully 
stimulated by Gassendi’s revival of Epicurean atomism. It was 
highly significant, however, that Boyle, thou^ not an impor¬ 
tant mathematician himself, took over in toto the view of 
nature and of man’s relation to it proffered by Galileo and 
Descartes, with the exception that chiefly for regions reasons 
he reaffirmed man’s teleological importance in the cosmic 
scheme and consequendy maintained the equal reality of sec¬ 
ondary qualities with the primary. We observe at the same 
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time that for Boyle the popularly accepted position of the 
mind inside the brain being further reflected upon, human 
knowledp is an essentially Incomplete and meagre affair, and> 
hence his tentative, positivistic emphasis is strong. Likewise 
in his day the notion of an all-pervading ether appears to have 
been used to fulfil two distinct and definite functions-to ac¬ 
count for the propagation of motion across a distance, and 
to explain such phenomena as cohesion, magnetism, etc, 
which had hitherto^ escaped exact mathematical reduction! 
Fmally, his consuming religious zeal led him to attempt, not 
without inconsistency, to combine the notion of a present di- 
vine providence with the conception of the world as a vast 
clock-like machine, set m motion in the beginning by the 
Creator and thence running merely by the operation of its own 
secondary causes. 

Wwe we attempting a complete picture of the philosophy^ 
of science in the sixteenth and seventeenth centuries, many' 
more significant figures would have to be added to our treat 
ment, such as, to take only the most outstanding names, 
Huyghens, Malebranche, Leibniz, Pascal, and Spinoza. But it 
cannot be shown that the philosophy of these men influenced 
Newton, or otherwise entered significantly into the doctrine of 
mans relation to nature which, further developed and sup¬ 
ported by his work, became a part of the general intellectual 
ackground of subsequent thinkers. In fact, from this point of- 
View, Leibniz appears rather as the first great protestant'l 




i^CHAPTER Vn. THE METAPHYSICS OF NEW- 
^ TON 


Section 1. Newton’s Method 


It has beea often remarked that history Is made rapidly 
when the great man and bis opportunity appear simultaneously. 
In the case of Newton there is no question about the reality 
^nd importance of precisely such a coincidence. That the sub¬ 
sequent history for nearly a hundred years of mathematics, 
tnaplianipa, and astronomy (in considerable part, too, of 
optics) presented itsdf primarily as a period of the fuller ap- 
jffreciation and further application of Newton’s achievements, 
fttSiA this a century studded with stars of the first magnitude in 
each of these fields, can hardly be accounted for otherwise 
than by supposing that the field had been ripe for a mighty 
genius and the genius at hand to reap the harvest. Newton 
himself on one occasion remarked, “If,I have seen farther 


[than other men], it is because I have stood upon the shoulders 
of giants." It is indeed true that his forerunners, especially 
men like Galileo, Descartes, and Boyle, were giants-they had 
prepared the way for the most stupendous sm^e achievement 
jfof the human mind—but that Newton saw farther was, of 
course, not merely due to his place in the line. For him to 
^invent the needed tool and by its aid to reduce the major 
^^enomena of the whole universe of matter to a smgle math¬ 
ematical law, involved his endowment with a degree of all 
r the qualities essential to the scientific mind—pre-eminently the 
' quality of mathematical imagination—that has probably never 
been equalled, Newton enjoys the remarkable distinction of 
having become an authority paralleled only by Aristotle to an 
age characterized through and through by rebellion against 
authority. However, we must not pause over these encomiums; 
ig^ewton’s supremacy in modem science, the most successful 
movement of thou^t that history so far records, stands un¬ 
questioned. 
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Would that in the pages of such a man we mi^t find a 
clerLement of the method used by ^ powerful mmd m 

Srawomplishment of his dazzling performances with 

hnni suecifio and illuminating directions for those less gifted, 

Sd consistent logical analysis of the intimate 
“eaSgs of the unprecedented Intellectual revoliUion which he 
Sfto such a decisive issue! But what a disappomtmen 
STe tiin the leaves of his works! Only a handM of general 
fnd oCvague statements about his method, which have to 
S laSuslf interpreted and supplemented by a painstaking 
staiy of his scientific biography-though, to be sure he hardly 
sSaL in this respect by comparison with even the best of» 
to forerunners, such as Descartes and B^W;^ne of the 
Sist Lious and exasperating features of this who e magmf. , 
“S^vement is that none of its great representaUves ap- 
pears to have known with satisfying clarity just what he 
S m how he was doing it And as for the ultimate pto 
losophy of the universe implied by the scientific conquests, 
Newton did Uttle more than take over the ideas on such 
wMch had been shaped for him by his mtellectaal 
ancestry, merely brin^g them occasionaUy up to date where 
to pSonal discoveries obviously made a . 

jnotfiding them sUghtly into a form more palatable to certain 
7is fxtra-scientific interests, In scientific discove^ 
formulation Newton was a marvellous genius; as a philosopheri. 

he was uncritical, sketchy, inconsistent, even second-rate. 

ffis paragraphs on method are. however, superior to hB 
other metaphysical pronouncements, a fact which is nat 
enou^in view of the more immediate scientific bearmg of fo 
former and Newton’s possession of a valuable heritage m 
discussion and of his great predecessors. Let us see 

how he describes his method, so far as is necessary for an 


apprwittuuu WI. kUO -- ^ ^ rf. 1 . l( 11 

Newton observes in his preface to the Principw that aU tte 

difficulty of philosophy seems to consist in this-from i 
phenomena of motions to investigate the forces of nature, ant 
then from these forces to demonstrate the other phenomena.- 
This statement is highly interesting in that it reveals at one 
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the metaphysics of newton 

the precise field to which Newton confined his work. It is the 
phenomena of motions that is to be the object of onr study, 
?and that study is to proceed by the discovery of forces (define(^ 
'of course, as the cause of all changes in motion), from which 
‘in turn demonstrattons are to be drawn, applying to, and con¬ 
firmed by, other motions. In fact Newton never rose, in his 
conception of method, to any higher degree of generality than 
that revealed in his own practioe-it is always his method that 
he is jotking about. This is, perhaps, to be expected, though 
it is somewhat disappointing philosophically. 


A. The Mathematical Aspect 

i The phrase “to demonstrate the other phenomena” at once 
■suggests the fundamental place of mathematics in Newtons 
method, which he himself insists upon in elucidating the mean¬ 
ing of his chosen m.&-Mathematical Principles of Natural 
Phiteophy-which, by the way, aptly expresses in bnrf torn 
the fundamental assumption of the new movement. We o^ 
this work as mathematical principles of philosophy. . . • By 
the propositions mathematically demonstrated in the tet book, 
we then derive from the celestial phenomena the forces ot 
gravity with which bodies tend to the sun and flie severd 
Oplanets. Then, from these fore®, by other propositions which 
^are also mathematical, we deduce the motions of the planets, 
r the comets, the moon, and the sea. I wish we wuld derive the 
^Kst of the phenomena of nature by the same kind of reasomng 
5#rom mechanical principles; for I am induced by many rea- 
isons to suspect that they may aU depend upon forces 

r by which the particles of bodies, by some causes hith^o un- 
' known, are either mutually impeUed towards each otter, and 
cohere in regular fi.gures, or are repelled and recede &om 
each other; which forces being unknown, philosophy have 
hitherto attempted the search of nature in vam; but I liop® 
principles here laid down wU afford some Ught either to that 
^r some truer method of philosophy.’ 

1 Preface, Motte translation. 
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This passage plunges us at once into the central r&le which 
Newton conceives mathematics to play in natural philosophy 
and his constant hope that all natural phenomena might in the 
end prove explicable in terms of mathematical mechanics. 
Judging from his remarks thus far quoted, the procedure of 
science is twofold, the deduction of forces from certain mo¬ 
tions, and the demonstration of other motions from the forces 
thus known. 

We might expect to find a strong statement of the place of 
mathematics in philosophical method in his Universal Arhh- 
metk, which contains the substance of his lectures at Cam¬ 
bridge in the years 1673-83. Li this we are disappointed, hisj 
directions on translating problems into the mathematical lan¬ 
guage being applied only to questions which already obviously ' 
involved quantitative relationships.® The most interesting fea-,.^ 
ture philosophically in the book is the setting up of arithmetic 
and algebra as the basic mathematical sciences,® in opposition 
to the “universal geometry” of Descartes, Hobbes, and 
Barrow. Either is to be used, however, where it furnishes the 
easiest and simplest method of demonstration.* Newton was 
led to this shift mainly by methodological considerations, his 
invention of the fiuxional calculus furnishing him with a tool 
whose operations coidd not be fully represented geometrically. 
At the same time some of his remarks on method in these 
lectures are suggestive. Inasmuch as we are to treat mechanics^ 
and optics algebraically, we must introduce symbols to rep¬ 
resent all of their properties with which we are concerned 
(such as the direction of motion and of force, and the position, 
brighmess, and distinctness of optical images) in their math^ 
matical reduction.® This thought is not ft^er elaborated, 
and when Newton comes to detailed directions he does not tell 
us how to pick out such qualities, but takes it for granted that 
they have already been clearly analysed out of the phenomena. 
“Having therefore any problem proposed, compare the quan- 

® Ralphson and Cunn translation, London, 1769, pp. 174, 177. 
® Arithmetic, pp. 1, ff. 9. t 

* Arithmetic, p. 465, ff. Cf. p. 357. 

® Arithmetic, p. 10. 



THE METAPHYSICS OF NEWTON 


211 


tides which it involves, and making no difference between the 
given and sought ones, consider how they depend one upon 
jj^snother, that you may know what quantities, if they are as- 
ysumed, will, by proceeding syntheticily, give the rest." ® “For 
Ji^you may assume any quantities by the help whereof it is pos¬ 
sible to come to equations; only taking this care, that you 
obtain as many equations from them as you assume quantities 
really unknown.” ^ 

If, however, we turn to the Opticks, published first in 1704 
but representing for the most part work done thirty to forty 
. years earlier, we find brief indications of a somewhat more 
' general conception of mathematical method, which we wish 
Newton might have developed at greater length. “And these 
theorems being admitted into optics [respecting the refraction 
and composition of light], there would be scope enough of 
handling that science voluminously after a new manner; not 
fOBly by teaching those things that tend to the perfection of 
vision, but also by determining mathematically all kinds of 
phenomena of colours which could be produced by refractions. 
For to do this, there is nothing else requisite than tp find out 
the separations of heterogeneous rays, and their various mix¬ 
tures and proportions in every mixture. By this way of arguing 
I invented almost all the phenomena described in these books, 
beside some others less necessary to the argument; and by the 
successes I met with in the trials, I dare promise, that to him 
^ho shall argue truly, and then try all things with good glasses 
and sufficient circumspection, the expected event will not be 
"wanting. But he is first to know what colours will arise from 
i^y others miaed in any assigned proportion.” ^ Newton here 
(evidently conceives himself to have extended the bounds of 
mathematical optics by applying the mathematical method to 
the phenomena of colours, having done so by finding out the 
“separations of heterogeneous rays and their various mixtures 
and proportions in every mixture.” At the end of the first 


® Arithmetic, p. 202. 

I? Arithmetic, p. 209. 

^Opticks, 3rd edition, London, 1721, p. 114, ff. In these quo¬ 
tations the spelling is modernized. 
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book he sums up his conclusions on this point by asserting 
that as a result of his precise experimmtd determination of 
the qualities of refrangibility and reflexibility, the^ science of I 
colours becomes a speculation as truly mathematical as any 
other part of optics.”* Newton’s eagerness thus to reduce 
another group of phenomena to mathematical formula il- 
lustrates again the fundamental place of mathematics in his 
work, but as regards the method by which he accomplished 
that reduction his statements are too brief to be of much aid. 
Let us turn to the other and equally prominent aspect of his 
method, the experimental. 


B. The Empirical Aspect 

It is obvious to the most cursory student of Newton that he 
was as thoroughgoing an empiricist as he was a consumnaate 
wintTipinatip.ian. Not Only doBs he hold, with Kepler, Galileo, 
and Hobbes, that “our business is with the causes of sensible 
effects," and insist, in every statement of his method, that 
it is the observed phenomena of nature that we are endeavour¬ 
ing to explain; but experimental guidance and verification must 
accompany every step of the explanatory process.ii por New¬ 
ton there was absolutely no a priori certainty, such as Kepler,\ 
Galileo, and pre-eminently Descartes believed in, that the 
World is thiou^ and throu^ mathematical, still less that its 
secrets can be fuUy unlocked by the mathematical metho^ 
already perfected. The World is what it is; so far as exaw 
mathematical laws can be discovered in it, well and good; so 
far as not, we must seek to expand our mathematics or resign 
ourselves to some other less certain method. This is obvioud’ 


»Op(icfa,p. 218. 

System of the World, 3rd Vol. of Motte’s traMlation ot 
Newton’s Mathematical Principles of Natural Philosophy 
London, 1803, p. 10. 


^Opticks, pp. 351, 377; Principles, Preface, I, 174; n, 162 
314. 
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the spirit of the paragraph from the preface of the Principia 
already quoted: “I wish we could derive the rest of the phe- 
,^mena of nature by the same kind of reasoning from mechan¬ 
ical principles. . . . but I hope the principles here laid down 
I vnll a&ord some light either to that or some truer method of 
philosophy.” The tentative mood of empiricism is frankly pres¬ 
ent here, and hence it is that for Newton, in marked contrast 
with Galileo and Descartes, there is a distinct difference be¬ 
tween mathematical truths and physical truths. “That the re¬ 
sistance of bodies is in the rario of the velocity, is more a 
mathematicai hypothesis than a physical one,”^^ and a 
sjmilar passage occurs in connexion with his investigation of 
fluids.^^ Problems like these, of course, even Galileo and 
F Descartes would not have presumed to settle a priori, but 
simply because it is impossible to deduce answers to them 
jtom the fundamental mathematical principles accepted as the 
structure of nature; it is just when deductions from such prin¬ 
ciples lead to alternative possibilities that experiment need be 
calied in to decide. For Newton, however, mathematics must 
be continually modeled on experience; and wherever he per¬ 
mitted himself lengthy deductions from principles he zealously 
Insisted on the purely abstract character of the results till they 
became physically verified. 

Newton was thus the common heir of the two important 
md fruitful movements in the preceding development of 
science, the empirical and experimental as well as the de- 
iuctive and mathematical. He was the follower of Bacon, 


Gilbert, Harvey, and Boyle, just as truly as the successor of, 
p Principles, II, 9. 

Principles, II, 62—“If in this manner partides repel othera 
^ of their own kind that lie next them, but do not exert their 
virtue on the more remote, particles of this kind will compose 
su(^ fluids as are treated of in ttus proposition. If the virtim 
of any particle dMuse itself every way in infinitum, there will 
be required a greater force to produce an eipial condeiuation 
of a greater quantity of the fluid. But whether elastic fluids^ do 
Really consist of particles so repelling each other is a physical 
Question. We have here demonstrated matheimatically the 
property of fluids consisting of particles of this kind that hence 
philosophers may take occasion to discuss that question.” 
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Copernicus, Kepler, Galileo, and Descartes; and if it were i 
possible wholly to separate the two aspects of his method, it 
would have to be said that Newton’s ultimate criterion wadUg 
more empirical than mathematics. Despite the title of his^ 
great work, he had far less confidence in deductive leasoi^g 
as applied to physical problems than the average modem 
scientist. Continually he called in experimental verification, 
even for the solution of questions whose answers would seem 
to be involved in the very meanings of his terms, such as tht 
proportionality of resistance to density.^* Having defined mas 
in terms of density and also in terms of resistance, such pro* 
portronality would seem to be involved in the very mfinning ] 
the words. In the Universal Arithmetic, he even intimates that ' 
some problems cannot properly be translated into the mathe-.* 
matical language at all, a hideous heresy to Galileo or/ 
Descartes. It is not too much to say that for Newton mathev 
matica was solely a method for the solution of problems poaeu / 
by sensible experience. He was little interested in mathematical i 
reasonings which were not destined for application to phys¬ 
ical problems; they were essentially a helpful tool in the t& 
duction of physical phenomena. This is clearly proclaimed ia 
the preface to the Principia: “Since the ancients . . . made 
great account of the science of mechanics in the investigation i 
of natural things; and the moderns, laying aside substantial , 
forms and occult qualities, have endeavoured to subject thep^ 
phenomena of nature to the laws of mathematics, 1 have id^ 
this treatise cultivated mathematics so far as it regards phi¬ 
losophy. The ancients considered mechanics in a twofold re-'* 
spect; as rational, which proceeds accurately by demonstratiofi|K 
and practical.” Newton observes that that which is perfectly 
accurate came to be called geometrical; what is less so, mM 
chanical: but this distinction must not lead us to forget that, 
the two appeared originally as a singje science of mechanical" 
practice.!® For example, "to describe ri^t lines and cirdes 
are problems, but not geometrical problems. The solution of 
these problems is required from mechanics; and by geometry 


!*Opftefcs.p.340,ff. 

!® The whole preface should be read in this connexion. 
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the use of them, when so solved, is shown; and it is the glory of 
geometry that from those few principles, fetched from with¬ 
out, it is able to do so many things. Therefore geometry is 
^founded in mechanical practice, and is nothing but that part of 
^miversal mechanics which accurately proposes and demon¬ 
strates the art of measuring. But since the manual arts are 
chiefly conversant in the moving of bodies, it comes to pass 
that geometry is commonly referred to their magnitude s, and 
mechanics to their motion. Li this sense rational mechanics 
will be the science of motions resulting from any forces what¬ 
soever, and of the forces required to produce any motion, 
accurately proposed and demonstrated.” The empirical and 
practical stress here is central; geometry is a part of universal 
, mechanics; it and the other branches of mechanics together 
qiake up a single science of the motions of bodies, and that 
Science developed originally in response to practical needs. 


c. Attack on “Hypotheses” 


We should expect then in Newton a strong insistence on the 
necessity of experiment and small patience with ideas about 
the world which were not deductions, through experiment, 
from sensible phenomena, or exactly verifiable in experience, 
^lis works are filled with a constant polemic against “hypoth- 
‘f eses”, by which he usually meant ideas of this character. In 
the days of his early optical experiments this polemic takes the 
U^pild form of declaring for the postponement of hypotheses 
'‘mil accurate experimental laws are established by a study of the 
favailable facts.^* As a matter of fact, after properties and 


^^Isaad Newtoni Opera quae exstant Omnia, ed. Samuel 
Horsley, 5 Vols., London, 1779, S., Vol. IV, p. 314, ff.-“rf 
any one offers conjectures about the truth of things &om the 
mere possibility of hypotheses, I do not see how anything cer¬ 
tain can be determined in any science . . . wherefore 1 judged 
^at one should abstain from considering hypotheses, as from 
Hi fallacious argument." “For the best and safest method of 
philosophizing seems to be, first diligently to investigate the 
pn^rties of things and establish them by experiments, and 



216 


laws are thus established experimentally, all the proffered hy- ' 
potheses that cannot be reconciled with them are at once 
rejected, and often several different hypotheses will be foundife 
reconcilable if properly interpreted« But Newton’s absorb-^ 
ing interest lay in the properties and experimental laws im- f 
mediately demonstrable from the facts, and these he insisted ] 
on absolutely distinguishing from hypotheses. No thin g angered j 
him more than to have his doctrine of the refrangibility of * 
light called an hypothesis; in answer to the charge he afBnns 
with emphasis that his theory “seemed to contain no thing else 
than certain properties of light, which I have discovered and 
regard it not difficult to prove; and if I had not perceived thenj j 
to be true I would have preferred to reject them as futile and i 
inane speculation, rather than to acknowledge them as my, 
hypothesis.” This affirmation he follows up with other vig-J 
orous assertions of the superiority of the way of experiment^ 
to the method of deduction from a priori assumptions, “In'| 
the meanwhile give me leave to insinuate. Sir, that I cannot 
think it effectual for determining truth, to examine the several 
ways by which phenomena may be explained, unless where 
there can be a perfect enumeration of all those ways. You 
know, the proper method for inquiring after the properties of 
things, is to deduce them from experiments. . . . And there¬ 
fore I could wish all objections were suspended, taken from 
hypotheses, or any other heads than these two: of showing the 
insufficiency of experiments to determine these queries, or 
prove any other parts of my theory, by assigning the flaws 
and defects in my conclusions drawn from them; or of pro¬ 
ducing other e]q)cximents, which directly contradict me, if an^ 
such may seem to occur.” Newton by no means refrainedK 
entirely from hypothetical speculations on the nature of light,l 

then later seek hypotheses to explain them.” “For hypotheses'! 
ought to be fitted merely to explain the properties of things 
and not attempt to predetermine them except so far as they I 
can be an aid to experiments.” 

Opera, IV, 318, ff. 


“ Opera, IV, 310. Cf. also p. 318, ff. 
Opera, IV, 320, 
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but he attempted to keep dear the distinction between such 
suggestions and his exact experimental results. He was espe¬ 
cially provoked by Hooke’s abuse, as he regarded it, of his 
^suggestion that the rays of light are corporeal. “This, it seems, 
Mr. Hooke takes for my hypothesis. It is true, that from my 
theory I argue the corporeity of light, but I do it without any 
absolute positiveness, as the word perhaps intimates, and make 
at most but a very plausible consequence of the doctrine, and 
not a fundamental supposition . . . Had I intended any such 
hypothesis, I should somewhere have explained it. But I knew 
that the properties, which I declared of light, were in some 
measure capable of being explicated not only by that, but by 
Inany other mechanical hypotheses; and therefore 1 chose to 
decline them aU, and speak of light in general terms, consider¬ 
ing it abstractedly as something or other propagated every 
^ay in straight lines from luminous bodies, without detennin- 
^g what that thing is.” ^ This position he clarifies by further 
r statements. “I do not think it needful to explicate my doctrine 
by any hypothesis at all.” “You see, therefore, how much 
it is beside the business in hand, to dispute about hypothesis.” ^ 
“But if there be yet any doubting [my conclusions], it is better 
to put the event on further circumstances of the experiment, 
than to acquiesce in the pombility of any hypothetical ex¬ 
planation.” 

It is proved a forlorn hope, however, that his scientific con- 
^temporaries would come to appreciate the fundamental dis- 
rtinction between hypothesis and experimental law—Newton 
irWas involved in squabble after squabble about the nature and 
validity of his doctrines—with the result, that as the years 
Massed, he felt him self forced to the conviction that the only 
Kafe method was to ban hypotheses entirely from experimental 
if philosophy, confining himself rigorously to the discovered and 
f exactly verifiable properties and laws alone. This position is 
decisively taken in the Principia and in all subsequent works; 


2® Opera, IV, 324, ff. 
Opera, IV, 328. 

2 Opera, rV, 329. 

2® Opera, IV, 335. 
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'hatsoever.” Is not this a highly speculative assumption of 
e Cartesian sort, that it is legitimate to generalize ad infi- 
fitum the qualities discovered in the small realm of our 
toperience; or is it perhaps a purdy methodological postulate? 
<iewton goes on to explain that he regards this rule as nothing 
nore than a combination of the experimental method with 
he first principle of the uniformity of nature. “For since 
he qualities of bodies are only known to us by axperimanfa, 
ire are to hold for universal aU such as universally agree with 
giperiments; and such as are not liable to diniinution can 
sever be quite taken away. We are certainly not to relinquish 
!^e evidence of experiments for the sake of dreams and vain 
Ictions of our own devising; nor are we to recede from the 
'analogy of nature, which uses to be simple, and always con- 
twnant to itself.” We are thus brought back to the first two 
"Hrinciples, that of the simplicity and uniformity of nature and 
l^e identity of causes where effects are the same. Are these 
lapriorisms speculative assumptions about the structure of the 
universe, which make it always possible to reduce its phe¬ 
nomena to laws, especially mathematical laws; or were they to 
Newton a matter of method merely, to be used tentatively 
as a principle of further inquiry? It is perhaps impossible to 
answer this question with absolute confidence. At those times 
when the theological basis of Newton’s science was upper- 
^st in his mind, it is probable that he would have answered 
f^ubstantially as Galileo and Descartes did. But in his strictly 
scientific paragraphs the emphasis is overwhelmingly in favour 
'bf their tentative, positivistic character, hence the fourth rule 
^ reasoning in phiiosophy, which we are now to quote, must 
TO regarded as imposing definite limits on all of the other 
^ee. 

“In experimental philosophy we are to look upon proposi- 
tiohs collected by general induction from phenomena as ac-. 
curately or very nearly true, notwithstanding any contrary 
hypotheses that may be imagined, till such time as other 
phenomena occur, by which they may either be' made more 
lurate, or liable to exceptions. This rule we must follow, 
lat the argument of induction may not be evaded by hy¬ 
potheses.” In other words, we have no metaphysical guarantee 
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whatever against there appearing exceptions to even our most 
confidently adopted principles; empiricism is the ultimate test. 
That this applies to the basic principle of the simplicity an^ 
uniformity of nature itself appears from an interesting passagd^ 
in the Optkks. That it should be so is very reasonable [i.e., 
that the theorem of the uniform proportion of the sines aih ‘ 
pUes to aU the rays of light], nature being ever conformable 
to herself; but an experimental proof is desired.” ^ No deduc¬ 
tion from an accepted principle, no matter how general or 
clearly derived from past phenomena, can therefore pam for 
absolute or physically certain, without careful and continued 
experimental verification. ^ 


D. Newton’s Union of Mathematics and Experiment 

How, now, did Newton propose to unite the mathematical 
and experimental methods? A full statement of his position 
on point can only be given after a careful examination 
of his practice, for his words are disappomtin^y inadequate. 
The best passage is in his letter to Oldenburg in response to 
Hooke’s attack, from which we have already quoted. “In the^ 
last place, I should take notice of a cMual repression, which 
intimHtea a greater certainty in these things, than I ever promj 
ised, viz. the certainty of mathematical demonstrations. I saifl 
indeed, that the science of colours was mathematical, and aj 
certain as any other part of optics; but who knows not 
optics, and many other mathematical sciences, depend as W® 
on physical sciences, as on naathematical demonstrations? Aot 
the absolute certainty of a science cannot exceed the certak P 
of its principles. Now the evidence, by which I asserted tt| 
propositions of colours, is in the next words expressed to bd 
from experiments, and so but physical: whence the proposi¬ 
tions themselves can be esteemed no more than physical 
principles of a science. And if those principles be such, tto 
on them a mathematician may determine all the phenomeift 


26 P, 66. 
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of colours, that can be caused by refractions, and that by 
disputing or demonstrating after what manner, and how much, 
those refractions do separate or mingile the rays, in which 
' several colours are originally inherent; I suppose the anmna 
"• of colours will be granted mathematical, and as certain as any 
part of optics. And that this may be done, 1 have good reason 
to believe, because ever since I became first acquainted with 
these principles, I have, with constant success in the events, 
made use of them for this purpose.” Here again, Newton’s 
failure to rise to any higher degree of generality than that 
characteristic of his own practice is disappointingly evident; 

^t the same time he is saying some important and instructive 
’ things. Certain propositions about colours are derived from 
I experiments, which propositions become the principles of the 
science, and are of such a sort that mathematical demonstra- 
^tions can be made from them of all the phenomena of 
colour-refraction. This somewhat clearer form of Newton's 
own conception of his modus operandi a painstaking study of 
his scientific biography will generalize and greatly illumine in 
detail. 

Newton's whole experimental-mathematical method would 
seem to be analysable, in the light of such a supplementary 
I study, into three main steps. First, the simplification of phe- 
^nomena by experiments, so that those characteristics of them 
ijhat vary quantitatively, together with the mode of their varia- 
ition, may be seized and precisely defined. This step has been 
jpractically neglected by later logicians, but it is dearly the 
way in which such fundamental concepts as refrangibility in 
,optics and mass in physics were accurately fixed by Newton, 
fand the simpler propositions about refraction, motion, and 
force discovered. Second, the mathematical elaboration of 
such propositions, usually by the aid of the calculus, in such a 
way as will express mathematically the operation of these 
principles in whatever quantities or relations they might be 
found. Third, further exact experiments must be made (1) 

. to verify the applicability of these deductions in any new field 

) 

^ Opera, IV, 342. Oldenburg was Secretary of the Royal So¬ 
ciety, 
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and to reduce them to their most general form; (2) in the 
case of more complex phenomena, to detect the presence and ' 
determine the value of any additional causes (in mechanics^ 
forces) which can then themselves be subjected to quantitative ' 
treatment; and (3) to suggest, in cases where the nature of ' 
such additional causes remains obscure, an expansion of oui 
present mathematical apparatus so as to handle them more 
efiectively. Thus, for Newton, careful experimentation must 
occur at the beginning and end of every important scientift; > 
step, because it is always the sensible facts that we are seeking 
to comprehend;2B but ^e comprehension, so far as it is exact, 
must be expressed in the mathematical language. Hence 
experiments we must discover those characteristics which can ' 
be handled in that language, and by experiments our con-. 
elusions must be verified. “Our purpose is only to trace out 
the quantity and properties of this force [attraction] from thi 
phenomena and to apply what we discover in some simple 
cases, as principles, by which, in a mathematical way, we may 
estimate the effects thereof in more involved cases. For it 
would be endless and impossible to bring every particular to 
direct and immediate observation. We said, in a mathematied 
way, to avoid all questions about the nature or quality of this 
force (attraction), which we would not be understood to de¬ 
termine by any hypothesis.” We are now prepared to con¬ 
sider Newton’s somewhat more general statement of his 
method in the last pages of the Opticks, where the positivistic 
consequence of his experimentalism and rejection of hypoth¬ 
esis is especially stressed. 

'if 

These principles (mass, gravity, cohesion, etc.) I con¬ 
sider not as occult qualities, supposed to result from the 
specific forms of things, but as general laws of nature, by 
which the things themselves are formed; their truth ap¬ 
pearing to us by phenomena, though their causes be not 
yet discovered. For these are manifest qualities, and their 
causes only are occult. And the Aristotelians gave the name 

*®Cf. Opdcfa,pp. 351,364,fif. ^ 

System of the World (Principles, Vol. HI), p. 3. 
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of occult qualities not to manifest qualities, but to such qual¬ 
ities only as they supposed to lie hid in bodies, and to be the 
unknown causes of manifest effects; such as would be the 
causes of gravity, and of magnetic and electric attractions, 
and of fermentations, if we should suppose that these forces 
or actions arose from qualities unknown to ^ 
capable of being discovered and made manifest. Such 
occult qualities put a stop to the improvement of naturd 
philosophy and therefore of late years have been rejected. 
To tell us that every species of things is endowed with an 
occult specific quality by which it acts and produces m^- 
- fest effects, is to tell us nothing: But to derive two or three 
general principles of motion from phenomena, and after- 
■wards to tell us how the properties and actions of all 
corporeal things follow from those manifest principles, 

' would be a very great step in philosophy, though the emses 
of those principles were not yet discovered: and therefore 1 
scruple not, to propose the principles of 
mentioned, they being of very general extent, and leave 

their causes to be found out.®® 

We shall return later to this fundamental contrast wUch 
Newton conceived to exist between his own method and tot 
of the preceding Aristotelian and Cartesian systeins, witn me 
resulting confidence which it gave him. An interesting 
remains however to be asked about his method. Do not the 
very initial experiments and observations, as a result of which 
the mathematical behaviour of phenomena is defined, presup¬ 
pose something which we can only speak of as 
ew, to direct those experiments to a successful issue? In the 
days of his early optical labours Newton would not have en¬ 
tirely refused assent; there are sometimes hypothesra whit* 
definitely “can be an aid to experiments.” But in hfa classic 
writings even such guiding ideas seem to be denied place and 
function. Apparently we need an hypothesis only in to very 
general sense, namely the expectation that inasmuch as na- 

A 

8® Opticks, p. 377. Italics ours. 

81 Cf.p. 211, footnote. 
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tute has hitherto revealed herself as being to a large extent, a 
simple and uniform mathematical order, there are exact 
quantitative aspects and laws in any group of phenomenar 
which simplifying experiments will enable us to detect, and 
enlarged experiments reduce to their most general form. Thus 
Newton feels it possible to speak of his method as deducing 
principles of motion from phenomenafi’^ because these prin¬ 
ciples are exact and complete statements of the phenomena 
as far as their motion is concerned. And when induction is 
applied to these principles, their exactitude and completeness 
as a reduction of the phenomena are not at all lost; Newton 
simply means by it that they are expressed in their most general 
form as perceived to apply over a wider field. Thus there is no 
plflw*. for hypothesis in natural philosophy at all according to 
Newton’s finpl view; we analyse phenomena to deduce their 
fnathemiitical laws, of which those that are of wide applica¬ 
bility are rendered general by induction. The word induction 
does not derogate from the mathematical certainty of the 
results, and it must not mislead us when stressed in Newton’s 
concluding statement of his method in the Opticks, It em¬ 
phasizes his ultimate empiricism merely. 

As in mathematics, so in natural philosophy, the investiga¬ 
tion of difiicult things by the method of analysis, ought ever 
to precede the method of composition. This analysis con¬ 
sists in making experiments and observations, and in draw-r 
ing general conclusions from them by induction, and 
admitting of no objections against the conclusions, but sucha 
as are taken from experiments or other certain truths. Fc^ ^ 
hypotheses are not to be regarded in eo^erimental philos-' 
ophy. And although the arguing from rntperiments and 
observations by induction be no demonstration of general 
conclusions: yet it is the best way of arguing which the na¬ 
ture of things admits of, and may be looked upon as so 
much the stronger, by how much the induction is more 
generaL And if no exception occur from phenomena, the 
conclusion may be pronounced generally. But if at any timq 
afterwards any exception shall occur from experiments, it 

Principles, 11,314. 
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may then begin to be pronounced wth such exceptions as 
occur. By this way of analysis we may proceed from com- 
b, pounds to ingredients, and from motions to the forces pro¬ 
ducing them; and in general, from effects to their causes, 
and from particular causes to more general ones, till the 
argument end in the most general. This is the method of 
analysis; and the synthesis consists in assuming the causes 
discovered, and established as principles, and by them m- 
plaining the phenomena proceeding from them, and proving 
the explanations. In the first two books of these Optics, I 
proceeded by this analysis to discover and prove the original 
differences of the rays of light in respect of refrangibility, 
reflexibility, and colour, and their alternative fits of easy 
reflection and easy transmission, and the properties of 
bodies, both opaque and pellucid, on which thftir reflections 
and colours depend. And these discoveries being proved, 
may be assumed in the method of comporition for ej^lam- 
ing the phenomena arising from them: an instance of which 
method I gave in the end of the first book.*® 

It is abundantly dear from these earnest statements that 
Newton conceived himself to have made a most remarkable 
methodological discovery, despite the fact that he vvas unable 
to state his method in its full generality. Galileo had set aside 
explanation in terms of the ultimate why of physical evrats 
in favour of explanation in terms of their immediate how, U., 
a t»«thBnin tical formula expressing their processes and mo- 
ftions. But Galileo still carried over many metaphysical prej- 
^ces from his ancestry, whfle for the rest he erected his 
'mathematical method into a metaphysics, and was able in¬ 
cepting a few passages) to follow no clear distinction m his 
works between the scientific study of perceived motions and 
these more ultimate ideas. In Descartes the nietaphysic of 
mathematics was stiU more central and controlling; the pa^ 
Sion for a complete system of the universe still less surrendered. 
Boyle, for his part, was quite confident that ultimately the 
world is to be interpreted religiously, but as far as expen- 

SBOpriefcs. P. 380, ff. Compare vrith a statement of method m 
Kepler, VU, 212. 
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mental science is concerned he was ready to stress the meagre¬ 
ness of human knowledge and its tentative and gradual prog¬ 
ress. Inasmuch, however, as Boyle was not a mathe matician^ , 
he saw no way to win certainty in science. Science is composed ' 
of hypotheses, which have, to be sure, been tested and verified : 
as far as possible by experiments, but inasmuch as at any time 
a contrary experiment may appear, we must be satisfied with 
probabilism merely. Newton, as we have seen, was will in g to 
grant the possibility of exceptions, but he was in no wise w illing 
to grant that science was composed of hypotheses. Anything 
that is not immediately deduced from the phenomena Is to be 
called an hypothesis and has no place in science, especially 
attempts to explain the nature of the forces and causes re¬ 
vealed in the phenomena of motion. Such explanations by,, 
their very nature are insusceptible of experimental verification. 
We know, for example, that certain motions take place in 
nature which we have been able to reduce to mathematical 
law, and regarding these motions as the effects of a certain 
kind of force, we call that force gravity. “But hitherto 1 have 
been unable to discover the cause of those properties of 
gravity from phenomena, and I frame no hypotheses,” The 
ultimate nature of gravity is unknown; it is not necessary for 
science that it be known, for science seeks to understand how 
it acts, not what it is. For Newton, then, science wca composed 
of laws stating the mathematical behaviour of nature solely- 
laws clearly deducible from phenomena and exactly verifiable 
in phenomena-everything further is to be swept out of science, 
which thus becomes a body of absolutely certain truth about'* 
the doings of the physical world. By bis intimate union of th9 ^ 
mathematical and experimental methods, Newton believed 
himself to have indissolubly allied the ideal mcactitude of the 
one with the constant empirical reference of the other. Science 
is the exact mathematical formulation of the processes of the 
natural world. Speculation is at a discount, but motion has 
unconditionally snnendeied to the conquering mind of man. 
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Section 2. The Doctrine of Positivism 

Now, someone will ask, if this be a correct portrayal of 
Sewton’s method, is there not a flagrant contradiction in such 
B phrase as “the metaphysics of Newton”? Was not this re¬ 
jection of hypothesis his most distinctive attainment, and did 
be not measurably succeed, at least in the main body of his 
works, in banning ideas about the nature of the universe at 
Isjrge? Is there not full justification for his daim to have dis¬ 
covered and used a method by which a realm of certain truth 
(night be opened up and gradually widened quite independ¬ 
ently of assumed solutions of ultimate problems? Newton, we 
am told, was the first great positivist.^'’ Following Galileo 
and Boyle, but more consistently, he turned his back on meta- 
jihysics in favour of a small but growing body of exact knowl¬ 
edge. With his work the era of great speculative systems ended 
and a new day of exactitude and promise for man’s intellec- 
lual conquest of nature dawned. How, then, speak of him as a 
metaphysician? 

The main outlmes of the answer to this criticism must be 
apparent from the whole course of our discussion. To answer 

somewhat in detail, however, will furnish a helpful intro¬ 
duction and outline to our analysis of Newton’s metaphjmics. 
I,. To begin with, there is no escape from metaphysics, that is, 
from the final implications of any proposition or set of propo- 
fflSons. The only way to avoid becoming a metaphysician is to 
say nothing. This can be illustrated by analysing any state¬ 
ment you please; suppose we take the central position of 
positivism itself as an example. This can perhaps be fairly 
stated in some such form as the following: It is possible to 
acquire truths about things without presupposing any theory 
of their ultimate nature; or, more simply, it is possible to have 
,at:orrect knowledge of the part without knowing the nature of 

SB Brewster, Memoirs of the Life, Writings, and Discoveries 
of Sir Isaac Newton, Edinburgh, 1855, Vol. H, p. 532. 
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the whole. Let us look at this position closely. That it is in < 
some sense correct would seem to be vouched for by the actual | 
successes of science, particularly mathematical science; we cant' 
discover regular relations among certain pieces of matter with- ’ 
out knowing anything further about them. The question is not ' 
about its truth or falsity, but whether there is metaphysics in 
it. Well, subject it to a searching analysis, and does it not 
swarm with metaphysical assumptions? In the first place it 
bristles with phrases which lack precise definition, such as i 
“ultimate nature”, “correct knowledge”, “nature of the i 
whole”, and assumptions of moment are always lurking in 
phrases which are thus carelessly used. In the second place, ' 
defining these phrases as you will, does not the statement re- | 
veal highly interesting and exceedingly important implications- 
about the universe? Taking it in any meaning which would be i 
generally accepted, does it not imply, for example, that the 
universe is essentially pluralistic (except, of course, for thought 
and language), that is, that some things happen without any 
genuine dependence on other happenings; and can therefore 
be described in universal terms without reference to anything 
else? Scientific positivists testify in various ways to this plural¬ 
istic metaphysic; as when they insist that there are isolable 
systems in nature, whose behaviour, at least in all prominent 
respects, can be reduced to law without any fear that the in¬ 
vestigation of other happenings will do more than place tha{ 
knowledge in a larger setting. Doubtless, strictly speaking, 
we could not say that we knew what would happen to our 
solar system if the fixed stars were of a sudden to vanish, but 
we do know that it is possible to reduce the major phenomena: 
of OUT solar system to mathematical law on principles that 
do not depend on the presence of the fixed stars, and hence 
with no reason to suppose that their disappearance would up¬ 
set our formulations in the least. Now this is certainly an im¬ 
portant presumption about the nature of the universe, sug¬ 
gesting many further considerations. Let us forbear, however, 
to press OUT reasoning further at this point; the lesson is that 
even the attempt to escape metaphysics is no sooner put in tfle 
form of a proposition than it is seen to involve highly signifi¬ 
cant metaphysical postulates. 
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For this reason there is an exceedingly subtle and insidious 
danger in positivism. If you cannot avoid metaphysics, what 
sand of metaphysics are you likely to cherish when you sturdily 
suppose yourself to be free from the abomination? Of course 
it goes without saying that in this case your metaphysics will be 
held uncritically because it is unconscious; moreover, it will 
be passed on to others far more readily than your other notions 
ioasmuch as it will be propagated by insinuat ion rather ttign 
by direct argument. That a serious student of Newton fails to 
see that his master had a most important metaphysic, is an 
sKceedingly interesting testimony to the pervading inflngnpa 
throughout modern thought, of the Newtonian first philosophy. 

Now the history of mind reveals pretty clearly that the 
►thinker who decries metaphysics will actually hold metaphysi¬ 
cal notions of three main types. For one thing, he will share 
the ideas of his age on ultimate questions, so far as such ideas 
do not run counter to his interests or awaken his criticism. 
No one has yet appeared in human history, not even the most 
profoundly critical intellect, in whom no important idola 
theatri can be detected, but the metaphysician will at least be 
superior to his opponent in this respect, in that he will be con¬ 
stantly on his guard against the surreptitious entrance and un¬ 
questioned influence of such notions. In the second place, if he 
be a man engaged in any important inquiry, he must have a 
pethod, and he will be under a strong and constant temptation 
to make a metaphysics out of his method, that is, to suppose 
Jhe universe ultimately of such a sort that his method must 
'be appropriate and successful. Some of the consequences of 
t'Sficcumbing to such a temptation have been abundantly evi¬ 
dent in our discussion of the work of Kepler, Galileo, and 
Descartes. Finally since human nature demands metaphysics 
for its full int^ectual satisfaction, no great mind can wholly 
avoid playing with ultimate questions, especially where they 
are powerfully thrust upon it I7 considerations arising from its 
positivistic investigations, or by certain vigorous extra-scien¬ 
tific into^ts, such as rdigion. But inasmuch as the positivist 
Siind has failed to school itself in careful metaphysical think¬ 
ing, its ventures at such points will be apt to appear pitiful, in¬ 
adequate, or even fantastic. Each of these fiuee types is exem- 
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plifled in Newton. His genera] conception of the physical 
world and of man’s relation to it, including the revolutionarv 
doctrine of causality and the Cartesian dualism in its fin^i 
ambig;uous outcome (which were the two central features of ’ 
the new ontology) with their somewhat less central corol- ' 
laries about the nature and process of sensation, primary and 
secondary qualities, the imprisoned seat and petty powers of 
the human soui, was taken over without examination as an 
assured result of the victorious movement whose greatat 
champion he was destined to become. His views on space and 
time belong in part to the same category, but were in part given 
a most interesting turn by convictions of the third sort. Tg 
the second type belongs his treatment of mass, that is, it gaina 
its metaphysical importance from a tendency to extend the 
implications of his method. Of the third type, mainl y are his 
ideas of the nature and function of the ether, and of God’s «. 
istence and relation to the world uncovered by science. We 
can hardly do better than allow this analysis of the three 
types to furnish us with an outline of the succeeding section!. 
The theology of Newton received in the generation after 
him a severe battering at the hands of Hume and the French 
radices; somewhat later by the keen analysis of TCnnt Also his 
scientific reasons offered for the existence of God appeared no 
longer cogent after the brilliant discoveries of subsequent in¬ 
vestigators like Laplace. The rest of the new metaphysics, 
however, as further developed at his hands, passed with his 
scientific exploits into the general current of intelligent opinion, 
in Europe, was taken for granted because insinuated withoijj 
defensive argument, and borrowing an unquestioned certainty 
from the clear demonstrability of the mechanical or optical 
theorems to which it was attached, it became the settled back¬ 
ground for all important further developments in and 

philosophy. Magnificent, irrefutable achievements gave New¬ 
ton authority over the modem world, which, feeling itself to 
have become free from metaphysics through Newton the posi¬ 
tivist, has become shackled and controlled by a very definite' 
metaphysics through Newton the metaphysician. What are the 
essential elements of that metaphysics? 
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Section 3 . Newton’s General Conception of the 
World, and of Man's Relation to It 

We may begin by summarizing briefly the points which New- 
5 ton merely adopted from his forebears, indicating simply the 
' precise form in which he passed them on to the modem 
world at large. Just as Boyle, though not a skilled mathemati¬ 
cian himself, had accepted without serious question the main 
structure of the universe as portrayed in Galileo, Descartes, 
and Hobbes, so Newton, although his mathematics was ulti- 
•'mately a tool for the service of experimental philosophy, took 
over without criticism the general view of the physical world 
and of man’s place in it which had developed at the hands of 
his illustrious predecessors. For Newton too the world of mat¬ 
ter was a world possessing mathematical characteristics funda¬ 
mentally, It was composed ultimately of absolutely hard, in¬ 
destructible particles, equipped with the same characteristics 
which had now become familiar under the head of primary 
qualities, with the exception that Newton’s discovery and exact 
definition of a new exact-mathematical quality of bodies, the 
vis inertiee, induced him to join it to the list. All changes in 
^ature are to be regarded as separations, associations, and 
motions of these permanent atoms.^s 
At the same time it must be acknowledged that Newton’s 
strong empiricism tended continually to tame and qualify his 
! fhathematical interpretation of the atomic theory. The atoms 
are predominantly mathematical, but they are also nothing but 
smaller elements of sensibly experienced objects. This is evi¬ 
dent from bis most systematic statmnent in the Principia. 

We no other way know the extension of bodies than by 
our senses, nor do these reach it in all bodies; but because 
we perceive extension in all bodies that are sensible, there- 
4 . fore we ascribe it universally to all others also. That abun¬ 
dance of bodies are hard, we learn by experience; and 

8 « Opticks, p. 376. 
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because the hardness of the whole arises from the hardnea 
of the parts, we therefore justly infer the hardness of the! 
undivided particles not only of the bodies we feel but of asj 
others. That all bodies are impenetrable, we gather not from’ 
reason, but from sensation. The bodies which we handle we' 
find impenetrable, and thence conclude impenetrability to be 
a universal property of all bodies whatsoever. That all bodies! 
are movable, and endowed with certain powers (which we ' 
call the vires inertiae) of persevering in their motion, or in 
their rest, we only infer from the like properties obsened 
in the bodies which we have seen. The extension, hardness, 
impenetrability, mobility, and vis inertia of the whole, re¬ 
sult from the extension, hardness, impenetrability, mobility, 
and vires inertiae of the parts, and thence we conclude the- 
least particles of all bodies to be also all extended, and hard, 
and impenetrable, and movable, and endowed with then 
proper vires Inertiae fi’’ 

Newton even suggests that with the invention of more pow¬ 
erful microscopes we might be able to see the largest of these 
particles.^^ In this statement the ultimacy of empiricism and 
the expermental reference are surely just as evident as the 
fact that just those qualities are seized upon as fundamental 
in nature which it had been found possible by Newton’s time 
to hmdle by the exact-mathematical method. The world of 
physics is the sensible world, but it is uniquely characterized' 
by the qualities which its reduction to mathematical law neces¬ 
sarily emphasized. “All these things being considered, it seemi 
probable to me, that God in the beginning formed matter igi 
solid, massy, hard, impenetrable, movable particles, of such 
sizes and figures, and with such other properties, in such pro¬ 
portion to space, as most conduced to the end for which he 
formed them; and that these primitive particles, being solids, 
are incomparably harder than any porous bodies compounded 
of them; even so very hard, as never to wear or break in 
pieces: no ordinary power being able to divide what God 

Principles, Jl, 161. 

Opticks, p. 236, flf. 
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himself made one in the first creation.” s® “Yet, had we proof 
of but one experiment that any undivided partide, in break- 
^ a hard and solid body, sufiered a division, we mi ght by 
virtue of this rule condude that the undivided as wdl as the 
divided partides may be divided and actually separated to in- 
, finity.” “While the particles continue entire, they may com- 
i pose bodies of one and the same nature and texture in all 
ages: but should they wear away or break in pieces, the na¬ 
ture of things depending on them would be changed . . . 
And therefore that Nature may be lasting, the changes of 
corporeal things are to be placed only in the various separa¬ 
tions and new assodations and motions of these permanent 
partides; compound bodies being apt to break, not in the 
-midst of solid particles, but where fiiose partides are laid to¬ 
gether, and only touch in a few points.” 

^ Such being the basic structure of the physical world, how 
does Newton conceive of man and bis rdadon to it? Here, too, 
the British genius accepted without question the main features 
of the physiology and metaphysics of Galileo and Descartes, 
end in this case his ordinarily careful empirical testing of ideas 
failed to exert itsdf. In the passage from the Principia, cited 
above, and elsewhere when his empiricism is not forgotten, 
Newton speaks of man as being in immediate perceptual and 
knowing contact with physical things themselves—it is they 
that we see, hear, smell, and touch.*® When, however, espe¬ 
cially in the Opticks, he treats more directly of man’s rdation 
to nature, we discover our mistake. Full assent is givmi to 
Ihe now orthodox view. Man's soul (as with Boyle, identical 
%ith his mind) is locked up within his body and has no im¬ 
mediate contact whatsoever wifli the outside world; it is pres¬ 
ent in a particular part of the brain, called for that reason the 
sensorium, to which motions are conveyed from external ob¬ 
jects by the nerves, and from which motions are transmitted 
to the muscles by the animal spirits. In connexion with sight, 

Opticks, p. 375, S. Cf. also p. 364, ff. 

Principles, II, 161. 

Opticks, p. 376. 

Principles. II, 312. 



234 


physiological investigation had by Newton’s time combined! 
with the Democritean-Cartesian-Hobbesian metaphysics to 
suggest an especially complicated set of barriers between the 
experience of vision and the object we suppose ourselves to* 
see; not only is the soul confined to the brain, to which motions 
must be conveyed from the inaccessible thing outside, but even 
the motions as finally transmitted come not from the external 
object, but from its image on the retina. “When a man views 
any object, the light which comes from the several points of 
the object is so detracted by the transparent skins and humours 
of the eye ... as to converge and meet again at so many 
points in the bottom of the eye, and there to paint the ptf-fum 
of the object upon that skin (called the Tunica Retina) with 
which the bottom of the eye is covered . . . And these pic¬ 
tures propagated by motion along the fibres of the optic nerves 
into the brain, are the cause of vision.”« God only can see 
objects themselves^; in the case of men “the images only 
carried through the organs of sense into our little sensoriums, 
are there seen and beheld by that which in us perceives and 
flunks.” Thm again, speaking in the twenty-third and twenty- 
fourth queries of the Optkks about the functions of his 
hypothesized ethereal medium, he asks: "Is not vision per¬ 
formed chiefly by the vibrations of this medium, excited in the 
tettom of the eye by the rays of light, and propagated throu^ 
the solid, pellucid, and uniform capillamenta of the opti; 
nerves into the place of sensation? And is not hearing per¬ 
formed by the vibrations either of this or of some other me- 
diim, excited in the auditory nerves by the tremors of the air^ 
Md propagated through the solid, pellucid, and uniform capil-r 
l^enta of those nerves into the place of sensation? And so 
of the other senses. Is not animal motion performed by the 
wbratlons of this medium, excited in the brain by the power 
of the wfll, and propagated from thence through the solid, 
pellucid, and unifonn capillamenta of the nerves into the mus¬ 
cles, for contracting and dilating them?” 

Opticks, p, 12. 

** Opticks, p. 345. Cf. p. 379. 

« Opticks. p. 328. Cf. p. 319, ff. 
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When we come from these quotations to Newton’s clearest 
statements on the doctrine of primary and secondary quaUties, 
are prepared for no appreciable divergence from the doc¬ 
trine as U had been handed on to lum by his metaphysmal 
forerunners. Because of his own labours in the field of optics, 
such statemento, as we might expect, relate especially to 

coloiin. . j 

Newton conceived his experiments on refraction and re¬ 
flection to have definitely overthrown the theory that colours 
are qualities of objects. “These things being so, it can be no 
I nnpar disputed whether there be colours m the dark, or 
whether they bo the qualities of the objects we see; no, Mr 
perhaps whether light be a body. For, since colo^ 

- quahtiea of light, having its rays for their entire and immediate 
isubject, how can we think those rays quaUties also, unl^ one 
quaUty may be the subject of. and sustain another? w^ u, 
in effect, to call it substance . . . Besides, who wer 
any quality to be a heterogeneous aggregate, su(* as “ 
discovered to be? But to determine more absolutdy what l^t 
is, after what manner refracted, and by what modes or acttons 
, it produceth in our minds the phantasms of colours, is Bot so 
easy, and I shaU not mingje conjectures with certambes. 
Apparently Newton’s first alternative to the leject^^ 
colours as qualities of objects, is that they are qujtles of h^t 
having its rays for their subject. We discover at the end of m 
quotation, however, that this must have been a slip of language. 
Nevrion there absolves himself from any intention of nmgjmg 
"conjectures with certainties. This remark implies that the pre- 
Iteding assumption is no conjecture, namely, that co ^ ave 
no existence even in light, but are phantasms produced m our 
minds by the modes or actions of tight; the only conj^al 
mattflr being the process by which this takes place. In the 
Opticks this position is asserted at somewhat greater length. 
“If at any time I speak of light and rays as coloured or en¬ 
dued with colours, I would be understood to spe^ not phil- 
.osophically and properly, but grossly, and according to such 
conceptions as vulgar people in seeing all these experiments 

*0 Opera. IV, 305. Note the scholastic terms and assumptions. 
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would be apt to frame. For the rays to speak properly are not 
coloured. In them there is nothing else than a certain power 
and disposition to stir up a sensation of this or that colour.* 
For as sound in a bdl or musical string or other sounding 
body, is nothing but a trembling motion, and in the air nothing 
but that motion propagated from the object, and in the sen- 
sorium ’tis a sense of that motion under &e form of sound; so 
colours in the object are nothing but a disposition to reflect 
this or that sort of rays more copiously than the rest; in the 
rays they are nothing but their dispositions to propagate this or 
that motion into the aensorium, and in the sensorium they are 
sensations of those motions under the forms of colours.” 

Here the current doctrine of secondary qualities is clearly 
proclaimed. They have no real existence outside of human 
brains, save as a disposition of the bodies or the rays to reflect 
or propagate certain motions. Outside, nothing but the parti¬ 
cles of matter, equipped with the qualities which have become 
mathematically handled, moving in certain ways. How do 
these motions excite the various sensations of colour? Newton 
at first (cf. above) professed himself to offer no answer to 
this problem. In view, however, of his experiments on refrac¬ 
tion and his acceptance of the atomic theory, he could hardly 
avoid suggesting a general explanation in his Opticks. “Do not 
several sorts of rays make vibrations of several bignesses, 
which according to their bignesses excite sensations of several 
colours much after the manner that the vibrations of the air, 
according to their several bignesses, excite sensations of several 
sounds? And particularly do not the most refrangible rays ex¬ 
cite the shortest vibrations for making a sensation of deep 
violet, the least refrangible the largest for making a sensation 
of deep red, and the several intermediate sorts of rays, vibra¬ 
tions of several intermediate bignesses to make sensations of 
the several intermediate coloura? May not the harmony and 
discord of colours arise from the proportions of the vibrations 
propagated through the fibres of the optic nerves into the 
brain, as the harmony and discord of sounds arise from the? 
proportions of the vibrations of the air? For some colours, 

«Opricft5,p. 108, ff. 
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if they be viewed together, are agreeable to one another, as 
those of gold and indigo, and others disagree.” This mathe- 
■matical theory of colour harmony is an interesting leminder 
pf Kepler’s attempt to reduce the music of the spheres to our 
form of musical notation. Newton follows it with the hypothe¬ 
sis that the images of an object seen with both eyes unite where 
the optic nerves meet before they come into the brain "in 
such a manner that their fibres make but one entire species, 
or picture, half of which on the right side of the sensorium 
comes from the right side of both eyes through the right side 
of both optic nerves to the place where the nerves meet, and 
^om thence on the right side of the head into the brain, and 
the other half on the left side of the sensorium comes in like 
manner from the left side of both eyes.” This remarkable 
notion was forced upon Newton and his contemporaries in 
their attempt to explain why it is that we see an object single 
instead of double. Believing, as they did, that we ^ not see 
objects themselves, but that it is their images on the two retmae 
that are carded to the sensorium, this was a real difSculty that 
had to be somehow met, 

Newton never states his conviction on the fundamental is¬ 
sue between More and Descartes, that of the extension of 
spirit, but the mere fact that he did not champion Descartes’ 
attempt to assign a different ultimate status to spirit was sufh- 
, cient to throw his whole weight, to his contemporaries and 
followers, on the side of the popular Interpretation of the great 
Ffmich thinker. Largely justified, as we have seen, by the lat- 
'^ter’s own ambiguities, vigorously furthered by the writings of 
Hobbes and Boyle, the conviction was spreading among zealots 
of the new era that the human mind is a unique but small sub¬ 
stance imprisoned in the brain. Now, too, the significant pas¬ 
sages in Newton with which we have been occupied naturally 
seemed to them to imply exactly this status. More had secured 
no following among intelligent people for his attempt to assign 
a possible extension of the soul somewhat beyond the limits 
of the human body—this was quite irreconcilable with the 
mood of science and offered no compensations in the way of a j 

Opiicks, p. 320, ff. 
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solution of ultimate problems, epistemological or otherwise- 
hence it is safe to say that at Newton’s time for practicallv all 
educated people, especially those to whom ideas meant imaees ■' 
the soul was conceived as occupying a seat, or a small portion 
of extension, withb the brain, which place had come to be 
known ^ the sensorium. There was nothing in Newton to 
upset this notion and everything to support it. Furthermore, 
had Newton expressed himself definitely on this point, it I 
highly probable that he would have approved precisely this 
current view. He agreed with More on the extension of God 
as we shall see later, and he certainly believed in extended 
ethered spirits. Why would he not. then, have believed m the 
spatiality of the human soul, though it is obvious from the 
above citations that More’s speculative spiritualism is not 
present-t^ soiri’s place is entirely enclosed by the brain? 

Hence in spite of Newton’s earnest attempt to be empirical' 
through and through, in spite of his eagerness never to let his 
niaftematical method run away with him, the general picture 
of the umverse and of man’s place in it which went forth under 
his name was essentially that which had already been con- 
stracted and powerfully worked out by the great mathemati¬ 
cal rnetaphysicians who had preceded him, and that in its most 
mbiguous and least construable form. The tremendous prob¬ 
lems thrust upon us by that picture he, no more than they, 
appreciated, for in the main he also adopted their way, espe- 
^ly More’s, of evading those problems by the appeal to God. 
But It was of the greatest consequence for succeeding thought 
that now the great Newton’s authority was squarely behind ' 
that view of the cosmos which saw in man a puny, irrelevanF 
spectator (so far as a being whoBy imprisoned in a dark rooni 
can be called such) of the vast mathematical system whose 
regular inotions according to mechanical principles constituted 
gloriously romantic universe of Dante 
md Milton, that set no bounds to the imagination of man as 
It played over space and time, had now been swept away. 
Space WM Identified with the realm of geometry, time with 
the contmuity of number. The world that people had thought* 
themselves hving in-a world rich with colour and sound, ild- 
olent with fragrance, filled with gladness, love and beauty. 
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speaking everywhere of purposive harmony and creative ideals 
—was crowded now into minute comers in the brains of scat¬ 
tered organic beings. The really important world outside was 
a world hard, cold, colourless, silent, and dead; a world of 
quantity, a world of mathematically computable motions in 
mechanical regularity. The world of qualities as immediately 
perceived by man became just a curious and quite minor eflect 
of that infinite machine beyond. In Newton the Cartesian 
metaphysics, ambiguously interpreted and stripped of its dis¬ 
tinctive claim for serious philosophical consideration, finally 
overthrew Aristotelianism and became the predominant 
world-view of modem times. 


'Section 4 . Space, Time, and Mass 

But Newton did more than accept and support the prevail¬ 
ing picture of man and his world that had developed among 
his predecessors. He himself made the most remarkable dis¬ 
coveries about that world that redound to the credit of modem 
science, and it is natural that in connexion with those discov¬ 
eries he should have had occasion to state, in more explicit 
and propagable form than they, just how that world of nature 
beyond man is to be conceived. Since Newton nature came to 
be thought of by the modern mind as essentially a realm of 
masses, moving according to mathematical laws in space and 
'"time, under the influence of definite and dependable forces. 
How in detail did Newton portray these entities, especially 
space and time; and how did he come to sum up the irreducible 
characteristics of bodies under the term “mass”? It is to be 
observed that in this aspect of his work, Newton reveals to 
some extent each of the types of metaphysical beliefs noted 
in Section 2; in part he adopts ultimate views that wwe ready 
to his hand; in part he extends the implications of Us mathe¬ 
matical method; in part he is resting upon &e validity of cer¬ 
tain quite extra-scientific convictions. The important thing to 
note is that here too his experimentalism quite fails him; he 
propounds, and that in the main body of Us classic work, con- 
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ceptions that were quite beyond the reach of sensible, experi¬ 
mental verification. 


A. Mass 

This apriorism, however, is not strongly pronounced in the 
case of mass. The definition of physical bodies as masses was 
the signal achievement needed in modem mechanics after the 
nature of space had been discovered by Galileo and Descartes 
and that of time formulated by Barrow. For Galileo, as for 
Newton’s great contemporary Huygens, mass was equivalent' 
to weight; and for Descartes, motion being conceived as a 
mathematical concept in general, the possibility of reducing all 
varieties of motion to exact formulae was not seriously con-T 
sidered. The fundamental fact of physical nature that made 
the Cartesian mechanics inadequate was the fact that two 
bodies geometrically equivalent may move differently when 
placed in identical relations with the same other bodies. Des¬ 
cartes, of course, was aware of this fact, but instead of trying 
to reduce it mathematically he chose to hide it under the specu¬ 
lative glamour of the theory of vortices. 

Newton perceived this fact, and in the case of the most 
prominent differences of motion of this sort, the phenomena 
of gravity, succeeded in achieving the mathematical reduction. 
Moreover, he supplied the definitions of all the fundamental 
concepts necessary for the complete submission of motion to 
mathematical law. In the case of certain important phenomena, 
which he had been unable him self to include within the scope 
of his principles, the advance was later made by the further 
application of bis concepts, as in the inclusion of magnetism 
within Newtonian mechanics by Gauss. In Newton’s case the 
discovery was intimately related to the famous first law of mo¬ 
tion, already reached by Galileo and expressed in a fairly satis¬ 
factory fashion by Descartes and Hobbes. Every body tends 
to remain in its state of rest or of uniform motion in a straight^ 
line, but its tendency to do so varies in degree. Now this 
variation, Newton saw, was susceptible of exact quantitative 
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formulation. Under the application of the same force (and 
here the second and third laws of motion are implied) difierent 
bodies depart from that state of rest or of uniform motion, 
i.e., are accelerated, differently. Inasmuch as those differences 
are, and can be, solely differences of acceleration, they can 
be exactly compared in mathematical terms. Thus we can re¬ 
gard all bodies as possessing a vis inertue, or inertia, which is 
an exact-mathematical characteristic inasmuch as it is meas¬ 
urable by the acceleration imparted to them by a given external 
force. When we speak of bodies as masses, we mean that, 
in addition to geometrical characteristics, they possess this 
mechanical quality of vis inertiee. It is obvious from the above 
' that force and mass are entirely correlative terms, but once 
the discovery of mass was made it became easier to define 
force in terms of mass rather than vice versa, inasmuch as 
’■ force is invisible, while a standard mass is a physical object that 
can be perceived and used. The same may be said of the con¬ 
cepts density and pressure, which were now given a more help¬ 
ful place in mechanics when defined in terms of mass and 
bulk. It is probable that Newton’s discovery of mass was in¬ 
fluenced to some extent by Boyle’s experiments on compress¬ 
ing gases. Boyle had found that the product of pressure by 
volume in the case of any gas was always a constant, and it is 
that constant which now, in proportionate relation to the vw 
inertia of other substances, becomes the mass of the gas. This 
relation to Boyle is suggested by the fact that Newton’s defi¬ 
nition of mass in the first paragraph of the Principiais m 
terms of density and volume; indeed, having chosen to define 
^ it in terras then more familiar rather than present it as an 
ultimate quality of bodies, he could hardly have done better. 

The discovery that the same mass has a different weight at 
different distances from the centre of the earth, together with 
the mathema tical elaboration of Kepler’s laws of motion, led 
gradually, through the work of Borelli, Huyghens, Wren| 
Halley, and Hooke, to Newton’s magnificent formulation of 
the law of gravitation, which united astronomy and mechanics 
«in one mathematical science of matter in motton. The depar¬ 
ture of the celestial masses from uniform motion m a straight 
line can be expressed by the same equation as the fall of ter- 
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restrial bodies to the earth. Every body in our world-system 
tends toward every other body direcfly in proportion to the 
product of their masses, and inversely in proportion to the 
square of the distance between their centres. Indeed, with the 
concepts of mass, force, and acceleration as Newton left them 
especially with his calculus as a tool for the rapid and effective 
handling of problems regarding motion, it is difficult to con¬ 
ceive of any changes in motion whatsoever that are not mathe¬ 
matically reducible in his terms, though, of course, only such 
accelerations as are caused by fairly regular and constant 
forces is it worth the investigator’s lime and energy to attempt 
to reduce. Where changes of motion are irregular or unique, 
the problem usually remains unsolved, not because the tools ' 
are not at hand for their complete disposition, but because it 
is worth no one’s while to effect the reduction. 

What about the metaphysical bearings of the Newtonian ^ 
concept of mass? Did Newton conceive of physical bodies as 
merely masses, that is, possessing none but geometrical qual¬ 
ities and vis inertia? Probably not. And yet the effect of his 
work was decidedly to encourage others so to conceive them. 
Here is a paradox demanding some explanation. 

It is clear from Newton’s writings, especially the Principia 
and the Opticks, that the major trend of his own thiniring 
was decidedly against divesting bodies of all qualities but those 
which his own mathematical methodology would require him, 
to leave. This was in great part a corollary of his vigorous 
empiricism. It will be remembered from the previous chapter 
that those characteristics which Newton listed as the primary 
qualities of elementary particles of bodies were ultimately ; 
justified empirically. To be sure, Newton does not equip them 
with all sensible qualities, due to his acceptance of the main 
features of the mathematical metaphysic of his scientific an¬ 
cestry, especially the doctrine of primary and secondary qual¬ 
ities; yet he was thoroughly opposed to any attempt rigidly to 
sift them down to the fewest required for Ws scientific method. 
Had his thi nkin g moved in such paths he would surely have 
deduced mobility from vis inertia and impenetrability from j 
extension. Even this would have left hardness unreduced to 
the two quahties which constitute a body a mass; doubtless 



THE METAPHYSICS OF NEWTON 


243 


Newton included it in part because of its necessity in his atomic 
theory of fluids and gases.^i* but in the main there is no reason 
> to doubt that it rests on the experimental basis by which it was 
defended. We have no sensible experience of any bodies with¬ 
out some degree of hardness (solidity was the more popular 
term at the time); hence by generalization we ascribe it to all 
bodies. 

In view of this strong empirical stress creeping into his 
atomism itself, how was it that Newton historically came to 
pose as the champion of the more rigid mechanical view of the 
physical realm? The main outlines of the answer have been 
^indicated in the preceding chapter. But let us press the question 
more specifically. Of course it is understandable enough that 
the bulk of his scientific followers, not being in sympathy with 
Newton’s extreme empiricism and not sharing much of his 
''theological restraint, were ever ready to do for him what Gal¬ 
ileo and Descartes had done for themselves, i.e., transform a 
method into a metaphysics. But how could they blindly ignore 
the master’s own words? The fact was, however, Newton had 
supplied them with more than the opportunity they needed. 
Just as Descartes had worked out an elaborate theory of an 
ethereal medium to explain everything about the motions of 
bodies which did not seem to be deducible from extension, so 
Newton played with an ethereal hypothesis which might serve 
to mechanize all motions which could not be deduced from 
the notion of mass. We shall consider this hypothesis in detail 
in the next chapter. Moreover, in his magnum opus there is a 
^definite subordination of the hypothetical causes of these re- 
^ fractory phenomena to the vis inertia of bodies.*® Gravity, 
for example, must not be ascribed to bodies universally, be¬ 
cause it permits of remission by degrees (cf. third rule), and 
we have no assurance of its existence beyond our solar system. | 
That it is a mass, however, is an essential quality of any body 
as such, and the principles of motion which result from, or 
rather explain, the notion of mass, are to be regarded as 
atiniTHi of natural philosophy universally and necessarily 

Opticks, p. 364, fl. 

Principles, 11,162, ff. 
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tnie.“i Supported by the ethereal speculations and by these 
suggestions in Newton that extension and vis inertia are mors 
ultimate than other characteristics of body, it was easy for his i 
Mowers to forget his sweeping eimiricism; with his superb 
and staggering reduction of the nations of matter to exact 
mathematical formulse in terms of mass to excite their con¬ 
stant amazement; with, too, the early discovery that all the 
basic units of mechanics could be defined in units of mMn 
space and time, it was a simple enough metaphysical advance 
of the kind with which we are now surely familiaT enough, 
from the statement that bodies are masses, to the assumptloi 
that bodies are nothing but masses, and that all re^ual 
phenomena can be explained by factors external to the bodies' 
^emselves. Thus Newton, quite in opposition to certain pr^ . 
sumptions fundamental in own thinking, appeared to suc¬ 
ceeding generations in the light of a hearty upholder of the* 
full mechanical conception of physical nature. The idea of 
mass had been incorporated into the Cartesian geometrical 
machine; and its substitution for the fanciful vortices only 
made the world-system seem all the more rigidly mechanicsL 


B, Space and Time 

When we come to Newton's remarks on space and time, * 
however, he takes personal leave of his empiricism, and a 
position partly adopted from others, partly felt to be demanded'* 
by his mathematical method, and partly resting on a theologi« 
cal basis, is presented, and that in the main body of his chief 
work. Newton himself asserts that in “philosophical disquisi¬ 
tions”, which apparently means here when ofiering ultimate 
characterizations of space, time, and motion, “we ought to 
abstract from our senses, and consider things themselves, dis¬ 
tinct from what are only sensible measures of them.” Ibis 
is surely a peculiar observation from a philosopher of sensible 

Principles, 1,1, ff., 14, fiE. 

Principles, 1,9. 
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experience; it will be our business in the balance of this chapter 
to understand Newton’s position and account for this deviation 
from his experimental principles. 

Newton introduces his comments on these matters with the 
remark that his main pu^ose is to remove certain vulgar em¬ 
pirical prejudices. “Hitherto I have laid down the deflmtions 
of such words as are less known, and explained the sense in 
which I would have them to be understood in the following 
discourse. I do not define time, space, place, and motion, as 
being well known to all. Only I must observe that the vulgar 
conceive those quantities under no other notions but from the 
, relation they bear to sensible objects. And thence arise certain 
prejudices, for the removing of which, it will be convenient 
to distinguish them into absolute and rdative, true and ap¬ 
parent, mathematical and common.” After this inlroduc- 
‘‘ tory polemic against the relativists of his day, Newton proceeds 
to d^ne his distinctions. 

I. Absolute, true, and mathematical time, of itself, and 
from its own nature, flows equably without regard to my- 
thing external, and by another name is called duration: 
relative, apparent, and common time, is some sensible and 
external (whether accurate or unequable) measure of dura¬ 
tion by the means of motion, which is commonly used in¬ 
stead of true time; such as an hour, a day, a month, a year. 

n. Absolute space, in its own nature, without regard to 
anything external, remains always similar and immovable. 
Relative space is some movable dimension or measme of 
the absolute spaces; which our senses determine by its posi¬ 
tion to bodies, and which is vulgarly taken for immovable 
space; such is the dimension of a subterraneous, an aerial, 
or celestial space, determined by its position in respect of | 
the earth. Absolute and relative space are the same in figure ■■ 
and magnitude; but they do not remain always numerically 
the aamp- For if the etuth, for instance, moves, a space of 
our air, which relatively and in respect of the earth always 
remains the same, vrill at one time be one part of the abso¬ 
lute space into which the air passes; at another time it will 

B8 Principles, 1,6, ff. 
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be another part of the same, and so, absolutely understood, 
it will be perpetually mutable. 

m. Place is a part of space which a body takes up, and . 
is according to the space, either absolute or relative. . , . 

IV. Absolute motion, is the translation of a body from 
one absolute place into another; and relative motion, the 
translation from one relative place into another. Thus in a 
ship under sail, the relative place of a body is that part of 
the ship which the body possesses; or that part of its 
cavity which the body fills, and which therefore moves to¬ 
gether with the ship: and relative rest, is the continuance of 
the body in the same part of the ship, or its cavity. But real, 
absolute rest, is the continuance of the body in the same ' 
part of that immovable space in which the ship itself, its 
cavity and all that it contains, is moved. Wherefore, if the 
earth is really at rest, the body which relatively rests in ' 
the ship, will really and absolutely move with the same 
velocity which the ship has on the earth. But if the earth also 
moves, the true and absolute motion of the body will arise; 
partly from the true motion of the earth in immovable 
space; partly from the relative motion of the ship on the 
earth: and if the body moves also relatively in the ship; its 
true motion will arise, partly from the true motion of the 
earth, in immovable space, and partly from the relative mo¬ 
tions as well of the ship on the earth as of the body in the 
ship; and from these relative motions will arise the relative 
motion of the body on the earth. . . . 

Absolute time, in astronomy, is distinguished from rela- ' 
five, by the equation or correction of the vulgar time. For » 
the natural days are truly unequal, though they are com¬ 
monly considered as equal, and used for a measure of time; 
astronomers correct this inequality for their more accurate 
deducing of the celestial motions. It may be, that there is no 
such thing as an equable motion, whereby time may be 
accurately measured. All motions may be accelerated and 
retarded, but the true, or equable progress of absolute time 
is liable to no change. The duration or perseverance of the - 
existence of things remains the same; whether the motions 
are swift or slow, or none at aU: and therefore it ougfit to 
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be distinguished from what are only sensible measures 
thereof; and out of which we collect it, hy means of the 
astronomical equation. The necessity of which equation, for 
determining the times of a phenomenon, is evinced as well 
from the experiments of the pendulum dock, as by eclipses 
of the satellites of Jupiter. 

As the order of the parts of time is immutable, so also is 
the order of the parts of space. Suppose those parts to be 
moved out of their places, and they will be moved (if the 
expression may be allowed) out of themselves. For times 
and spaces are, as it were, the places as well of themselves as 
of all other things. All thin gs are placed in time as to order 
of succession; and in space as to order of situation. It is from 
their essence or nature that they are places; and that the 
primary places of things should be movable, is absurd. These 
are, therefore, the absolute places, and translations out of 
those places, are the only absolute motions. 

But because the parts of space cannot be seen, or distin¬ 
guished from one another by our senses, therefore in their 
stead we use sensible measures of them. For from the posi¬ 
tions and distances of things from any body considered as 
immovable, we define all places: and then with respect to 
such places, we estimate all motions, considering bodies as 
transferred from some of those places into others. And so 
instead of absolute places and motions we use relative ones; 
and that without any inconvenience in common affairs: but 
in philosophical disquisitions, we ought to abstract from our 
senses and consider things themselves, distinct from what 
are only sensible measures of them. For it may be that there 
is no body really at rest, to which the places and motions of 
others may be referred. 

Before we proceed further with Newton’s argument, let us 
pause for a brief analysis of the position so far stated. Space 
and time are vulgarly regarded as entirely relative, that is, as 
distances between sensible objects or events. In reality, there 
is in addition to such relative spaces and times absolute, true, 
and mathematical space and time. These are infinite, homo¬ 
geneous, continous entities, entirdy independent of any sen- 
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sible object or motion by which we try to measure them- 
time flowing equably from eternity to eternity; apace existing 
all at once in infinite immovability. Absolute motion is the 
tranter of a body from one part of absolute space to another; 
relative motion a change in its distance from any other sen' 
sible body; absolute rest the continuance of a body in the same 
part of absolute space; relative rest its continuance in the same 
distance from some other body. Absolute motion is to be 
comput^ in the case of any body, by mathematically com¬ 
bining its reladve motions on the earth plus the motion of the 
earth in absolute space. Thus, in the case of a body moving 
on a ship, its absolute motion will be determined by a math¬ 
ematical combination of its motion on the ship, that of the lat¬ 
ter on the earth, and that of the earth in absolute space. Ab¬ 
solute dm we can approximate by equating or correcting our 
vulgar time through a more accurate study of the 
motions. It may be, however, that we can nowhere find a 
genuinely equable motion, whereby time may be accurately 
measured. All motions, even those which, to the best of out 
observations, appear quite uniform, may really be somewhat 
accelerated or retarded, while the true or equable progress of 
absolute time is liable to no change. Similarly, space is im¬ 
movable by its own essence or nature, that is, the order of its 
parts cannot be changed. If they could be changed they would 
be moved out of themselves; thus to regard the primary 
places of thinp, or the parts of absolute space, as movable, 
is absurd. However, tbe parts of absolute space are not visible 
or sensibly distinguishable; hence, in order to measure or define 
distances, we have to consider some body as immovable, and ‘ 
then estimate the motions and measure the distances of other 
bodies in relation to it. Thus instead of absolute space and 
motion we use relative ones, which is suitable enough in prac¬ 
tice, but considering tbe matter philosophically, we must ad¬ 
mit that there may be no body really at rest in absolute space, 
our adopted centre of reference being possibly itself in mo¬ 
tion. Hence, by observation and experiment, we can do no 
more than approximate either of these two absolute, true, and ' 
mathematical entities; they are ultimately inaccessible to us. 

^ It is possible, that in the remote regions of the fixed stars, or 
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perhaps far beyond them, there may be some body absolutely 
at rest; but impossible to know, from the position of bodies 
j,to one another in our regions, whether any of these do keep 
the same position to that remote body; it follows that absolute 
rest cannot be determined from the position of bodies in our 
regions." 

The question forcibly arises in our minds at this point: how, 
then, do we know that there are such things as absolute space, 
time, and motion? In view of their admitted inaccessibility to 
observation and experiment, in view of the rAmpleta relativity 
to sensible bodies of all our measurements and of 

lyhat possible standing and use are they in mer;ViaTiif.g, and 
how does Newton, the experimentalist and rqector of hypothe¬ 
ses, dare to introduce them with his deflniHnna of mass and 
force and his axioms of motion? How, even, we mi ebt add, 
would he be able to tell whether this hypothetical nalMtinl 
body were really at rest in absolute space, even though it fell 
under our observations, inasmuch as space by its own nature is 
infinite and homogeneous, its parts indistinguishable from each 
other? 

Newton's answer in effect is, that we can know absolute 
motion by certain of its properties, and absolute motion im¬ 
plies absolute space and time. 

But we may distinguish rest and motion, absolute and 
relative, one from the other by their properties, causes, and 
effecto. It is a property of rest, that bodies really at rest 
in absolute space] do rest in respect of one another. 

It is a property of motion that the parts, which retain 
given positions to their wholes, do partake of the motions of 
those wholes. For all the parts of revolving bodies endeavour 
to recede from the axis of motion; and the impetus of 
bodies moving forwards, arises from the joint impetus of all 
the parts. Therefore, if surrounding bodies are moved, 
those that are relatively at rest within them, will partake of 
their motion. Upon which account, the true and absolute 
-y motion of a body cannot be determined by the translation 
of it from those which only seem at rest; for the external 

Principles, 1,9. 
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bodies ought not only to appear at rest, but to be really at 
rest. . . , 

A property near akin to the preceding, is this, that if a- 
place is moved, whatever is placed therein, moves along 
with it. . . . Wherefore entire and absolute motions can 
be no otherwise determined than by immovable places; and 
for that reason I did before refer those absolute motions to 
immovable places, but relative ones to movable places. Now 
no other places are immovable but those that, from infinity 
to infinity, do all retain the same given positions one to 
another; and upon this account must ever remain unmoved; 
and do thereby constitute, what I call, immovable space.'®. 

This section commences with great promise, but so far our 
difficulties are hardly explained. We are to distinguish absolute' 
from relative rest and motion by their properties, causes and 
efiects. It is a property of motion, that parts, retaining given 
positions in a system, partake of whatever motion or rest is 
true of the system, therefore absolute motion, either of the 
part or of the rest of the system, cannot be determined by 
their relations to each other, but only by reference to immov¬ 
able space. But immovable space is quite inaccessible to ob¬ 
servation or experiment: our difficulty persists, how can we 
tell whether any given body is at rest or moving in it? How¬ 
ever, Newton next proceeds to discuss the causes and effects 
of motion. Here we shall perhaps find a more helpful clue.: 

The causes by which true and relative motions are distm-_„ 
guished, one from the other, are the forces impressed on 
the bodies to generate motion. True motion is neither gen¬ 
erated nor altered, but by some force impressed upon the 
body moved: but relative motion may be generated or al¬ 
tered without any force impressed upon the body. For it is 
sufficient only to impress some force on other bodies with 
which the former is compared, that by their giving way, 
that relation may be changed, in which the relative rest or 
motion of this other body did consist. Again, true motioE« 
suffers always some change £rom any force impressed upon 

Principles, 1,9, ff. 
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the moving body; but relative motion does not necessarily 
undergo any change by such forces. For if the same forces 
are likewise impressed on those other bodies, with whidi 
the comparison is made, that the relative position may be 
preserved, then that condition will be preserved in which 
the relative motion consists. And, therefore, any relative mo¬ 
tion may be changed when the true motion remains unal¬ 
tered, and the relative may be preserved when the true 
suffers some change. Upon which accounts, true motion 
does by no means consist in such relations. 

The effects which distinguish absolute from relative mo¬ 
tion are, the forces of receding from the axis of circular 
motion. For there are no such forces in a circular motion 
purely relative, but in a true and absolute circular motion, 
they are greater or less, according to the quantity of the mo¬ 
tion. If a vessel, hung by a long cord, is so often turned 
about that the cord is strongly twisted, then filled with wa¬ 
ter, and held at rest together with the water; after, by the 
sudden action of another force, it is whirled about the con¬ 
trary way, and while the cord is untwisting itself, the vessel 
continues for some time in this motion; the surface of the 
water will at first be plain, as before the vessel began to 
move; but the vessel, by gradually communicating its mo¬ 
tion to the water, will make it begin sensibly to revolve, and 
recede by little and little from the middle, and ascend to the 
sides of the vessel, forming itself into a concave figure (as 1 
h^ye experienced), and the swifter the motion becomes, 
inie higher will the water rise, till at last, performing its 
revolutions in the same times with the vessel, it becomes 
relatively at rest in it. This ascent of the water shows its 
endeavour to recede from the axis of Its motion; and the 
true and absolute circular motion of the water, which is 
here directly contrary to the relative, discovers itself, and 
may be measured by this endeavour. At first, when the rda- 
tive motion of the water in the vessel was greatest, it pro¬ 
duced no endeavour to recede from the axis: the water 
showed no tendency to the circumference, nor any ascent 
towards the sides of the vessel, but remained of a plain 
surface, and therefore its true circular motion had not yet 
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begun. But afterwards when the relative motion of the wa¬ 
ter had decreased, the ascent thereof towards the sides of 
the vessd proved its endeavour to recede from the axis-- 
and this endeavour showed the real circular motion of the 
water perpetually increasing, till it had acquired its greatest 
quantity when the water rested relatively in its vessel. 

It is indeed a matter of great difficulty to discover, and 
effectually to distinguish, the true motions of particular 
bodies from the apparent: because the parts of that immova¬ 
ble space in which those motions are performed, do by no 
means come under the observation of our senses. Yet the 
thing is not altogether desperate; for we have some argu¬ 
ments to ^de us, partly from the apparent motions, which" 
are the differences of the true motions; partly from the 
forces, which are the causes and effects of the true motions. 
For instance, if two globes, kept at a given distance on# 
from the other by means of a cord that connects them, 
were revolved about their common centre of gravity, we* 
might, from the tension of the cord, discover the endeavour 
of the globes to recede from the axis of their motion, and 
frorn thence we might compute the quantity of their circular 
motions. , . . thus we might find both the quantity 
and the determination of this circular motion, even in an 
immense vacuum, where thwe was nothing external or sen- 
able with which the globes could be compared. But now, 
if in that space some remote bodies were placed that kept 
dways a given position one to another, as the fixed stars do 
in our regions, we could not indeed determine from the"" 
relative translation of the globes among those bodies,* 
whether the motion did belong to the globes or to the bodies. 
But if we obs^ed the cord, and found that its tensinTi was 
that very tension which the motions of the globes required, 
we mght conclude the motion to be in the globes, and the 
bodies to be at rest; and then, lastly, from the translation of 
the globes among the bodies, we should find the Hp^rminn- 
tion of their motions.®® 

Again let us subject this argument to careful analysis. As"*^ 
^Principles, 1,10 , ff. 
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Newton himself sums up the matter, there are two ways by 
which absolute motions (and hence absolute space and time) 
may be demonstrated and measured: “partly from the appar¬ 
ent motions, which are the differences of the true motions: 
partly from the forces, which are the causes and effects of 
the true motions.” Let us examine the latter of these first 
Relative motion may take place, in the case of any body, 
without the application to it of any force, other bodies with 
which it is compared being impelled to change their relations 
with it. True motion cannot take place, however, without the 
application of force, and vice versa, wherever force is applied, 
absolute motion must occur. Hence wherever force is opera- 
’tive, there we must conclude absolute motion to exist. 

. In the light of the scientific advance since Newton, it is 
difficult to see any cogency in this part of the argument. For 
«we can discover the presence of force only by changes in mo¬ 
tion—indeed for moat modem scientists force has no meaning 
beyond that of the unknown cause of mass-accelerations— 
hence while accelerations always imply forces, it is not allow¬ 
able to proceed in the reverse direction and assert that the 
operation of force always means absolute motion. We can 
argue from effect to cause but not from cause to effect; the 
cause is entirely unknown and hypothetical until the effect ap¬ 
pears. It is remarkable how very gradually modem science 
succeeded in divesting its conc^tion of power or force of 
animistic trappings; indeed the purification may only be said to 
have, been definitely begun when it was discovered that our 
h&ediate feeling of effort, which was undoubtedly the basis 
^f the earlier animism in the scientific notion of force, may be 
present without, due to some pathological condition, the oc¬ 
currence of the appropriate limb-movements. When such a 
fact comes home to a man he is prepared to see in force only 
a name for the unknown cause of changes in motion. But, of 
course, Newton lived before this purging had gone very far; 
because he shared the crude psychology of the time, he be¬ 
lieved it possible to know the existence of force quite apart 
-from, and antecedent to, its effected motions. Hence wher¬ 
ever there is force operating, there must be acceleration of 
the affected mass, i.e., absolute motion. But for us the argu- 
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ment in this direction is illegitimate, and the difficulty still 
remains. 

Newton is on sounder ground, however, when he passes 
from force as the cause of motion to force as its effect. The ^ 
examples of ffie vessel of water and the two globes really 
prove something important. Expressing the situation in com¬ 
mon parlance, the whirling vessel gradually conununicates its 
motion to the contained water, whose motion results in a cen- 
tiifugal force, measurable by the degree of concavity assumed 
by the water, or in the case of the ^obes by the tension of 
the cord. Here we have certain motions as the cause of certam 
forces, the latter expressing themselves in measurable addi¬ 
tional phenomena. These phenomena are not present when the^ 
antecedent motions are relative {le.. when the water was at 
i^t within the whirling vessel, each moving most rapidly rela- ^ 
lively to the offier), hence when they are present we must bff 
dealing not with relative motions but with motions that may 
appropriately be called absolute. The reason is a simple one. 
^nsider again the water revolving rapidly with reference to 
the surrounding earth and the fixed stars, the centrifugal 
forces reveled in the degree of concavity of its surface. May 
we, if we like, take the water to be at rest and attribute mo¬ 
tion to the fixed stars? Let us quickly check the vessel and 
whirl it in the opposite direction. The water wiU soon slow 
down relatively to the fixed stars, assume a plane surface, and 
then gradually move in the present direction of the vessel, ap- 
pearing in concavity once more. What would become of our 
laws of motion and our concepts of force, mass, and causality, 
if we believed that by a simple turn of the hand we coulii 
check a rapid angular revolution of the whole universe, ex- 
cept a pot of water, and throw it into an equally rapid rev¬ 
olution in the opposite direction? Obviously we could work out 
no consistent account of the major data of physics in such a 
fashion-our most fundamental and the trustworthy generali¬ 
zations would have gone by the board. In other words, we 
cannot but assume the fixed stars to be at rest and attribute 
motion to the water. The freedom of choice implied by theft 
relativist turns out to be wholly illusory; in the interest of clear 
thinking about the most obvious facts of the physical world we 
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simply have to do just what we do. Wherever, in any change 
of spatial rdationships, forces measurable by other phenom¬ 
ena are generated in one of the bodies and not in the other, 
we attribute the motion to the former-in the langiiagn of 
early mechanics, we say that its motion is absolute, the mo¬ 
tion of the other, relative. Else our world would appear a 
chaos instead of an ordered system. It is only when we con¬ 
sider a given motion entirely by itself that we are at all free 
to choose. Indeed, that in some fundamental sense the phenom¬ 
ena of revolution about an axis are independent of ^ earth 
and the fixed stars, is evident from the fact which Newton 
notes, that were there no other body in the universe the dis¬ 
tinction between the plane and the concave surface of the 
.water would be just as real and determinate, though in that 
case the terms rest and motion would have no meaning. 

» Furthermore, Newton holds, although this thought is not 
developed as thoroughly as the other, wherever there are rela¬ 
tive or apparent motions, there must at least be as much abso¬ 
lute motion as is the difference of the relative motions. Hius 
in the case of the vessel, the water, and the surrounding uni¬ 
verse; when, as in the first part of the experiment, the two 
latter are at rest with respect to each other, there must be 
absolute circular motion of a certain angular velocity, whether 
it be the vessel or the water and surrounding environment in 
motion. Similarly in the case of two equal masses which are 
changi ng position relatively to each other at a certain velocity. 
^I^ehever we take as our point of refnence, there is motion 
at that velocity present, and if both be at the same time mov- 
l^g away from a third body the amount of absolute motion is 
increased. This applies to any system of bodies; it is impossible 
to take any point of reference without discovering at least as 
much motion in the system as amounts to the difierences .of 
their relative motions. Hence there must be at least so much 
absolute motion. Notice that in Newton’s statements here the 
doctrine of absolute motion is not opposed to the conception 
motion as relative; it simply asserts that bodies do change 
their spatial relations in such and such precise ways, and that 
our system of reference is not arbitrary. 
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c. Criticism of Newton’s Philosophy 
of Space and Time 

Now the existence of absolute motion in this sense, that is, 
toe fact toat bodies change their distance-relations, and that 
in any direction and with any velocity, implies that there is 
infinite room in which they can move; and toe exact meas¬ 
urability of that motion implies that this room is a perfect 
geometrical system and a pure mathematical time—in other 
words, absolute motion implies absolute duration and absolute 
space. Thus far Newton’s mathematical method as applied in 
toe Principia adopts and perfects the notions of space and 
time which had begun to undergo philosophical handling, and 
by somewhat analogous considerations, in the work of More 
and Barrow. Did absolute space and time, as Newton pro¬ 
claimed them, mean merely and precisely this, the conceptions 
would be logically unimpeachable and would deserve inpiiiBjnn 
among the definitions and axioms which furnish the founda¬ 
tion of his mechanics, in spite of the fact that they are quite 
Inaccessible experimentally. That motion is experimentally dis¬ 
coverable and measurable presupposes them. To this extent 
Newton has justification for these concepts, and the fact, so. 
often observed by himself, that space and time “do not come 
under the observation of our senses”, need not distress him 
as an intelligent empiricist. 

But thus far alone can we go with Newton; no farther. Fof 
note: absolute space and time as thus understood, by their own 
nature negate the possibility that sensible bodies can move 
with reference to them—such bodies can only move in them, 
with reference to Other bodies. Why is this so? Simply because 
toey are mfinite and homogeneous entities; one part of them 
is quite indistinguishable from any other equal part; any posi¬ 
tion in them is identical with any position; for wherever that 
p^.or position may be it is surrounded by an infinite stretc&.'- 

f room in all directions. Taking any body or system 

bodies by itself, therefore, it is impossible to say intelligibly 
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that it is either moving or at rest in absolute space or absolute 
time; such a statement only becomes meaningful when an¬ 
other phrMe is added—w/rA reference to such and such another 
body. Things move in absolute space and time, but with ref¬ 
erence to other things. A sensible centre of reference must 
always be definitely or tacitly implied. 

Now it is dear that Newton did not feel this im pliogtinn of 
the meaning of space and time or observe the distinction. For 
he speaks about the possibility of combining the motion of an 
object on a ship and that of the ship on the earth with the 
motion of the earth in absolute space', furthermore in many 
passages, both in the Principia and in the briefer System of the 
’’World, he discusses the question whether the centre of gravity 
of the solar system be at rest or in uniform motion in absolute 
space.'*^ Since in his day there was no way of getting a definite 
vpoint of reference among the fixed stars, such a question is 
obviously unintelligible—the very nature of absolute space 
negates the possibility of its having any assignable significance. 
How, then, did Newton allow himself to fall into the error, and 
include such statements in the main body of his dasslc work? 

The answer to this question is to be found in Newton’s 
theology. To him, as to More and Barrow, space and time 
were not merely entities implied by the mathematico-experi- 
mental method and the phenomena it handles; they had an 
ultimately religious significance which was for him fully as im¬ 
portant; they meant the omnipresence and continued existence 
from everlasting to everlasting of Almighty God. The precise 
-£di£ctions of God in Newton’s metaphysics will be treated in a 
plater chapter; here we shall simply observe how the concept of 
the Deity furnishes the key to Newton’s present inconsistency. 

Some pious folk were greatly disturbed by the fact that in 
the first edition of the Principia, in conformity with Newton’s 
positivism and his chosen policy of banning from the main 
body of his scientific works all hypotheses and ultimate ex- 

Principles, I, 27, ff.; II, 182; System of the World, (Vol. 
Ill), 27. Compare the present c^cussion of Newton’s doctrine 
'^bf space and time with Aose of Mach, Science of Mechanics; 
Broad, Scientific Thought; and Cassirer, Std>sumz-und Funh- 
tionsbegriff. 
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planatioQS, infinite, absolute space and time, were portrayed as 
vast, independent entities in which masses mechanically 
moved. The world outside of man appeared nothing but a huge. 
machine—Ood appeared to be swept out of existence and 
there was nothing to take his place but these boundless mathe¬ 
matical beings. The religious fears excited are expressed in 
such a work as Berkeley’s Principles of Human Knowledge 
(1710), in which absolute space was attacked as an atheistic 
conception. That this was not at all Newton’s intention is evi¬ 
dent from his early letters, especially those to Dr. Bentley'>> 
in 1692. His close acquaintance and sympathy with Barrow’s 
views we have already noted, and we must expect that he had 
kept in touch with his colleague More’s philosophy ever since' 
in his boyhood days at Grantham school he had lived under . 
the same roof widi one of the great Platonist’s intense ad¬ 
mirers.'® For the similarities between the two men are tool' 
striking to be accidental. 

Hence when the second edition of the Principia appeared in 
1713, Newton added his famous General Scholium, in which 
he expresses himself with no reserve. 

From his true dominion it follows that the true God is a 
living, intelligent, and powerful Being; and from his other 
perfections, that be is supreme, or most perfect. He is eter¬ 
nal and infinite, omnipotent and omniscient; that is, his dura¬ 
tion reaches from eternity to eternity; his presence from 
infinity to infinity; he governs all things, and knows all things 
that are or can be done. He is not eternity or infinity, but., 
eternal and infinite; he is not duration or space, but he en¬ 
dures and is present. He endures for ever, and is everywhere’ 
present; and by existing always and everywhere, he con¬ 
stitutes duration and space, ... He is omnipresent, not vir- 
tucdfy only, but also substantially, for virtue cannot subsist 
without substance. In him are all things contained and 
moved; yet neither affects the other: God suffers nothing 
from the motion of bodies; bodies find no resistance from the 

" Cf. Section 6, p. 285, flf. 

^^Collections for the History of the Town and Soke of 

Grantham, London, 1806, p. 176. 
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omnipresence of God. It is allowed by all that the Supreme 
God exists necessarily; and by the same necessity he exists 
always and everywhere. Whence also he is all similar, all 
eye, all ear, aU brain, all arm, all power to perceive, to 
understand, and to act; but in a maimer not at all human, 
in a manner not at aU corporeal, in a maimer utterly un¬ 
known to us.®® 

Elsewhere Newton speaks of God as “containing in himself 
all things as their principle and place” ®^; we read in a creed 
among his manuscripts that “the Father is immovable, no 
place being capable of becoming emptier or fuller of him than 
, it is by the eternal necessity of nature. All other beings are 
movable from place to place.” ®® 

" In the light of these pronouncements it is clearly evident 
.^ that when Newton spoke of bodies or of the centre of gravity 
of the solar system moving in absolute space his mind was not 
confined to the mathematical and mechanical bearings super¬ 
ficially apparent-he meant also that they were moving in 
God—ia the eternal and omniscient presence of the Creator 
of all things. Let us specifically relate this thought to the prob¬ 
lem as we finally stated it, that of Newton’s failure to see that 
absolute space and time as described in the main body of the 
Principia negate the possibility that things can be intelligibly 
said to move with reference to them, but only in them with 
reference to other things. Recall the arguments of More on 
space, and the curious passage in Boyle in which he speaks of 
,Qo d as impelling by his will the whole material universe in 
some direction, with resulting motion but no change of place. 
* Newton, of course, conceived of God mainly as More did, 
combining among bis attributes those which had reference to 
the mathematical order and harmony of the world with the 
traditional ones of his absolute dominion and wilful control 
of events. All this enriches our background for two still more 
specific statements in the Queries to Newton’s Opticks, in 
which space is described as the divine sensorium—it is that in 

- 80 Principles, II, 311, fil. Italics ours. 

®i Brewster, Memoirs, H, 154. 

®® Brewster, II, 349. 
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which the intellect and will of God comprehend and guide the 
doings of the physical world. Absolute space for Newton is 
not only the ononipresence of God; it is also the infinite scene 
of the dvine knowledge and control. 

Whereas the main business of natural philosophy is to 
argue from phenomena without feigning hypotheses, and to 
deduce causes from effects, till we come to the very first 
cause, which certainly is not mechanical; and not only to 
unfold the mechanism of the world, but chiefly to resolve 
these and such like questions. ... Is not the sensory of | 
unimals that place to which the sensitive substance is present, i 
and into wl^ the sensible species of things are carried, 
through the nerves and brain, that there they may be per¬ 
ceived by their immediate presence to that substance? And ' 
these things being rightly dispatched, does it not appear from 
ph enomen a that there is a Being incorporeal, living, intelli- ” 
gent, omnipresent, who in infinite space, as it were in his 
sensory, sees the things themselves intimately, and thor¬ 
oughly perceives them, and comprehends them wholly by 
their inunediate presence to himself; of which things the 
images only [l.e., on the retina] canied through the organs 
of sense into our little sensoriums, are there seen and beheld 
by that which in us perceives and thinks. And though every 
true step made in this philosophy brings us not immediately 
to the knowledge of the first cause, yet it brings us nearer 
to it, and on that account is to be highly valued.^^ 

In the second passage Newton specifically insists on the ac¬ 
tive divine control of the world in addition to the enjoyment, 
of perfect knowledge. God, *'being in all places, is more able 
by his will to move the bodies within his boundless uniform 
sensorium, and thereby to form and reform the parts of the 
universe, than we are by our will to move the parts of our 
own bodies. And yet we are not to consider the world as the 
body of God, or the several parts thereof, as the parts of God. 
He is a uniform being, void of organs, members, or parts, and 
they are his creatures subordinate to him, and subservient to 

$8 Opticks, p. 344, ff. Italics ours. 
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his will; and he is no more the soul of them, than the soul 
of a man is the soul of the species of things carried through 
the organs of sense into the place of its sensation, where it 
perceives them by means of its immediate presence, without 
the intervention of any third thing. The organs of sense are 
not for enabling the soul to perceive the species of things in its 
sensorium, but only for conveying them thither; and God has 
no need of such organs, he being everywhere present to the 
things themselves." 

Do we not here have exactly the explanation of which we 
are in search? Absolute space is the divine sensorium. Every¬ 
thing that happens in it, being present to the divine knowledge, 
must be immediately perceived and intimately imderstood. 
Certainly, at least, God must know whether any given motion 
is absolute or relative. The divine consciousness furnishes the 
ultimate centre of reference for absolute motion. Moreover, 
the animism in Newton’s conception of force perhaps plays a 
part in the premises of the position. God is not only infinite 
knowledge, but also Almighty Will. He is the ultimate origina¬ 
tor of motion and is able at any time now to add motion to 
bodies within his boundless sensorium. Thus all real or abso¬ 
lute motion in the last analysis is the resultant of an expendi¬ 
ture of the divine energy, and whenever the divine intelligence 
is cognizant of such an expenditure, the motion so added to 
the system of the world must be absolute. Logically, of course, 
it is difficult to find cogency in this reasoning. The reference to 
God's creative energy involves the same passage from force to 
"Motion which earlier in the chapter appeared invalid. And 
! even the ascription of perfect knowledge to God becomes 
bafifiing if the accurate distinction between absolute and rela¬ 
tive motion is included. For, we might object, how could he 
tell the difference between them? Inasmuch as he is supposed 
to be everywhere equally present, there is no focus of the 
divine attention at any given point to which motions could 
be referred. Being present with every motion, all would be at 
rest; being confined to none, every motion would be absolute. 
But, of course, explanations in terms of pious reverence are 

Opticks, p. 377, ff. Italics ours. 
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not critically examined. The omniscience of Ood and his tran* 
scendence of human knowledge were traditionally accepted 
and reflectively untested postulates with Newton.^’’ In a uni¬ 
verse conceived as existing in the sensorium of Ood, would it 
not be easy enough to assume without logical sifting that it 
was possible to speak intelligibly of bodies moving with ref¬ 
erence to absolute space and time? An important notion crept 
into Newton's mathematical science at this point which was 
in the last analysis the product of his theological convictions. 

In any case when, in the eighteenth century, Newton’s con¬ 
ception of the world was gradually shorn of its religious rela¬ 
tions, the ultimate justiflcatlan for absolute space and time as 
he had portrayed them disappeared, and the entities were left 
empty, but st^ absolute according to his only partially justi¬ 
fied description; as to the test, divested of bodi logical and 
theological excuse, but yet unquestioningly assumed as an in¬ 
finite theatre in which, and an unchangeable entity against 
which, the world-machine continued its dock-like movements, 
From acddents of God they became sheer, fixed, geometrical 
measure for the motions of masses. And this loss of their 
divinity completed the de-spiritualization of nature. With God 
expanded throughout all space and time there was still some¬ 
thing spiritual left in the world outside of man—pious souls 
who would otherwise have viewed with alarm the final form 
of the Cartesian dualism and the ciurent doctrine of primary 
and secondary qualities were reconciled—with God, however, 
banished from existence, all the spirituality left in the world 
was locked up in the sensoriums of scattered human beings. 
The vast realm outside was a mathematical machine merely; 
it was a system of masses moving in absolute space and time. 
For it was necessary to postulate nothing further, In terms 
of these three entities aU its manifold changes seemed capable 
of exact and final formulation. 

As regards space, the metaphysical difficulties involved in 
this conclusion were touched upon in the chapter on Descartes. 
In Newton's presentation, however, the anomalies in the con¬ 
ception of time in modem science are overlaid with on in- 

Principles, II, 312, flE. 
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genious use of language. Newton speaks of absolute time as 
“flowing equably without regard to anything external”. But in 
what sense can we speak of time as flowing? Things flow in 
time, rather. Why, then, does Newton describe time by such 
a phrase? The fact is, the idea of time thrust upon the world 
by modem science is a mixture of two peculiar conceptions. 
On the one hand, time is conceived as a homogeneous mathe¬ 
matical contbuum, extending from the infinite past to the 
infinite future. Being one and entire, its whole extent is some¬ 
how present at once; it is necessarily bound together and all 
subject to knowledge. The laws of motion, together with the 
doctrine of the constancy of energy, inevitably result in this 
* picture of the whole sweep of time as a realm mathematically 
determinate in terms of an adequate present knowledge. But 
carry this conception to the limit, and does not time quite dis- 
H appear as anything ultimatdy different from space? Once the 
Platonic year is discovered, everything that can happen is a 
present event. Accordingly there is another element in the 
conception of time, which accords more congenially with the 
nominalistic predilections of some of the later medievalists 
and most of the early British scientists. Time is a succession 
of discrete parts, or moments, no two of which are present 
simultaneously, and hence nothing exists or is present except 
the moment now. But the moment now is constantly passing 
into the past, and a future moment is becoming now. Hence 
from this point of view time simmers down till it is contracted 
into a mathematical limi t between the past and the future. 
'Obviously, this limit can be described as flowing equably in 
time, but it is hardly time itself. Motion is inexplicable in terms 
of such a conception; any given motion vnll occupy more time 
than a sheer limit between what has gone by and what is yet to 
come. How combine these two elements into a single, mathe¬ 
matically usable idea, that shall, moreover, find some justifi¬ 
cation in actual experience? Newton does so by ingeniously 
applying to time as an infinite continuum language that prop¬ 
erly applies only to this moving limit; hence the “equable 
flow”, in which description he hardly does more than follow his 
predecessor Barrow. The basic difficulty here, as pointed out 
in the chapter on Galileo, is that the scientific notion of time 
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has almost entirely lost touch with duration as immediately 
experienced. Until a closer relation is regained, it is probable 
that science will never reach a very satisfactory description 
of time. Newton the empiricist might have supplied us such a 
description had his mathematical training and metaphysical 
assumptions not led him to rest satisfied with an ambiguous 
formula. Attempts by contemporary philosophers of science 
to solve this problem would be more apt to become fruitful, 
did they devote themselves to a more thorough study of the 
history of the concept. 


Section 5. Newton's Conception oj the Ether 

The presence of theological assumptions in Newton’s' 
doctrine of time and space suggests that there was a strongly 
conservative aspect of his philosophy; in this and the succeed¬ 
ing chapter it will be our business to present those views in 
which his conservatism affected his metaphysical position stdl 
more definitely. The tendency toward radicalism in cosmology 
which is so noticeable in Galileo, Descartes, and especially 
Hobbes, is not to be found in Newton’s thinking. Rather, on 
every important point in respect to which they were chal¬ 
lenged by zealous religionists like More and Boyle, Newton 
took his stand with the latter. He did so in such a way, how¬ 
ever, as we shall see, that these elements in his metaphysics 
rapidly lost their influence and did not suffice to save most' 
of those whose thinkin g was affected by his exploits from the. 
embarrassments involved in the more revolutionary doctrines. 

It was observed in the last chapter that Newton attempted 
to account for all the qualities of experienced bodies that could 
not be gathered up under the conception of them as masses 
by following Descartes’ example and postulating an ethereal 
medium which pervades all space and by its pressure or other 
operations on bodies causes such residual phenomena, but he 
was more consistent than Descartes in recognizing certain clear 
distinctions between the ether and sensible bodies. It is readily 
apparent that to Newton’s mind the world was not fully ex- 
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plained by the ultimate categories already invoked. The res 
cogitans scattered about in human brains furnished a haven 
for many otherwise inexplicable odds and ends; the notions of 
space, time, and mass construed the external world so far as 
it was mathematically reducible; but there were additional 
features not as yet metaphysically provided for; two more 
categories, the ether and Ood, are needed adequately to ex¬ 
plain them. 

As for the idea of the ether, we have noted certain salient 
facts about its history, and have observed how Gilbert, More, 
Boyle, and others turned to it when in metaphysical predic¬ 
ament due to the continuance in their minds of certain as¬ 
sumptions from earlier thought or to the recognition of facts 
recalcitrant to the extreme mechanical view. It was difficult 
for thinkers really to carry through Descartes’ bold suggestion 
' that everything in the world that is not mathematical is to be 
shoved into human minds as a mode of thought, for there were 
many problems that could hardly be handled in such terms 
alone. Indeed, Descartes himself had appealed in such circum¬ 
stances to an ethereal matter, though claiming in words that 
it, no more than the visible bodies, possessed qualities unde- 
ducible from extension. Newton followed in the general cur¬ 
rent here; attempts at a further speculative solution of the 
universe by the aid of the ether appear in almost all of his 
early writings, and in the queries attached to the Opticks his 
final fancies about it are lengthily offered. What are the facts 
^hlch might demand such an explanation? 


A. The Function of the Ether 

Here we find in Newton.a further and more explicit devel¬ 
opment of the position already taken in Boyle. As we saw, by 
Boyle’s time the notion of an ethereal medium had come to 
supply two distinct functions; it propagated motion across 
distances, and it possessed qualities which accoimted for extra¬ 
mechanical phenomena like electricity, magnetism, and coh^ 
sion. Newton began where Boyle left off. For him, too, in his 
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early work at least, action at a distance was inconceivable. 
Especially did his studies on optics lead him to think such a 
medium necessary in order to explain the propagation of light 
In all his quarrels with Hooke, Pardies, and others about the 
nature of light and the validity of his experimental conclusions 
concerning certain of its properties, accompanied by his 
violent denunciation of hypotheses and serious attempt to rid 
his own pronouncements of any imaginative savour, it never 
occurred to him to doubt the existence of a medium which at 
least performed the function of transmitting light. Amid all 
their disagreements Newton agreed with Hooke to this extent, 
that there existed an ether, and that it was a medium suscep¬ 
tible of vibrations.*'^ Having taken over the notion from the 
current of the times, and feeling it to be thus well grounded, 
it was easy for Newton to extend its use to other phenomena 
which involved action at a distance and which others were 
accounting for in the same fashion, such as gravity, magnetism, 
electric attraction, and the like. An interesting passage, which 
combines this conviction that action at a distance is impossible 
with other reminders of More's philosophy, occurs in Newton’s 
third letter to Bentley: "It is inconceivable, that inanimate 
brute matter should, without the mediation of something else, 
which is not material, operate upon, and affect other matter 
without mutual contact; as it must do, if gravitation, in the 
sense of Epicurus, be essential and inherent in it. And this is 
one reason, why I desired you would not ascribe innate gravity 
to me. That gravity should be innate, inherent, and essentM 
to matter, so that one body may act upon another, at a distance 
through a vacuum, without the mediation of anything else, by 
and through which their action and force may be conveyed 
from one to another, is to me so great an absurdity, that 1 
believe no man who has in philosophical matters a competent 
faculty of thinking, can ever fall into it. Gravity must be 
caused by an agent acting constantly according'to certain laws; 
but whether this agent be material or immaterial, I have left 
to the consideration of my readers." 

«« Opera, IV, 380. 

«’Opero,rV,438. 
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In the second place, Newton lived before the day when 
scientists bdiieved it possible to postulate the conservation of 
energy without calling in other than accepted mechanical 
principles to maintain its constancy. When two bodies collide 
in space, and by reason of imperfect elasticity, friction, and 
what not, fail to move away from each other with the same 
velocity at which they approached, the contemporary scientist 
is able to locate the apparently lost energy in other forms, such 
as increased molecular motion within the bodies, expressed in 
heat. In Newton’s time such a doctrine was already being 
championed by Leibniz, but it had no influence on Newton 
^ and may even have been unknown to him. Hence to his mind 
the world of matter appeared a very imperfect machine; mo¬ 
tion was everywhere on the decay. 

And thus nature will be very conformable to herself and 
very simple, performing all the great motions of the 
heavenly bodies by the attraction of gravity which inter¬ 
cedes those bodies, and almost all the small ones of their 
particles by some othet attractive and repelling powers 
which intercede the particles. The vis inertia is a passive 
principle by which bodies persist in their motion or rest, 
receive motion in proportion to the force impressing it, and 
resist as much as they are resisted. By this principle alone 
there never could have been any motion in the world. Some 
other principle was necessary for putting bodies into motion; 
and now they are in motion, some other principle is neces- 
““^'sary for conserving motion. For from the various composi¬ 
tion of two motions, ’tis very certain that flhere is not always 
the same quantity of motion in the world. For if two globes 
joined by a slender rod, revolve about their common centre 
of gravity with a uniform motion, while that centre moves 
on uniformly in a right line drawn in the plane of their circu¬ 
lar motion; the sum of the motions of the two globes, as 
often as the globes are in the right line described by their 
common centre of gravity, will be bigger than the sum of 
their motions, when they are in a line perpendicular to that 
right line. By this instance it appears that motion may be got 
or lost. But by reason of the tenacity of fluids, and attrition 
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of their parts, and the weakness of elasticity in solids, motion 
is much more apt to be lost than got, and is always upon 
the decay. For bodies which are either absolutely hard, or 
so soft as to be void of elasticity, will not rebound from 
one another. Impenetrability makes them only stop. If two 
equal bodies meet directly in vacuo they will by the laws 
of motion stop where they meet, and lose all their motion, 
and remain in rest, unless they be elastic, and receive new 
motion from their spring. If they have so much elasdcity as 
suffices to make them rebound with a quarter, or half, or 
three quarters of the force with which they come together, 
they will lose three quarters, or half, or a quarter of their 
motion.*® 

After illustrating by a few further examples Newton con¬ 
tinues: ^ 

Seeing therefore the variety of motion which we find in 
the world is always decreasing, there is a necessity of con¬ 
serving and recruiting it by active principles, such as are 
the cause of gravity, by which planets and comets keep 
their motions in their orbs, and bodies acquire great motion 
in falling and the cause of fermentation, by which the heart 
and blood of animals are kept in perpetual motion and 
heat; the inward parts of the earth are constantly warmed, 
and in some places grow very hot; bodies burn and shine, 
moimtains take fire, the caverns of the earth are blown up, 
and the sun continues violently hot and lucid, and warms 
all things by his light. For we meet with very little motion 
in the world, besides what is owing to these active principles. 
And if it were not for these principles the bodies of the 
earth, planets, comets, sun, and all things in them would 
grow cold and freeze, and become inactive masses; and all 
putrefaction, generation,' vegetation, and life would cease, 
and the planets and comets would not remain in their orbs. 

These two needs Newton proposes to supply by the adop¬ 
tion and more explicit formulation of Boyle’s two-fold con¬ 
ception of the ether, in connexion with which he advances 

®* Opticks, p. 372, fl. 
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various suggestive or fantastic speculations. His own thought 
on the subject appears to have been closely stimulated by 
.Boyle, with whom he was in intimate converse on just such 
' matters, as his letter to the famous chemist in 1678 proves.o^ 
None of the presentations of his view is, however, satisfactorily 
definite or final; his opinions of the ether fluctuated, and he 
himself recognized them as a metaphysical hypothesis merely, 
without the standing of an experimental law. At the time they 
had first begun to take important shape In his mind, he had 
already been involved in discouraging wran^es about the 
implications of his optical discoveries, and had made the clear 
distinction between hypothesis and experimental law, banning 
the former from the positive pronouncements of science. 


B. Newton’s Early Speculations 

It is important to observe that from the beginning Newton 
appears to have totaliy rejected the Cartesian conception of 
the ethereal medium as a dense, compact fiuid, such as alone 
could swing the planets around their orbits by its vortex mo¬ 
tion—the prevalent conception of his time both among English 
and continental scientists—and developed from Boyle's prem¬ 
ises a more original speculation.'^'’ In his argument against 
r 

9® Quoted extensively below, p. 273, ff. 

336, fl.—“Are not ^ hypotheses erroneous, in 
jWhich li^t is supposed to consist of impression or motion, 
propagated through a fluid medium? For in all these hypothe¬ 
ses, t& phenomena of light have been hitherto explained by 
supposing that they arise from new modifications of the rays; 
wmw is an erroneous supposition.” Newton proceeds to cite 
certain facts observed or experimentally discovered which 
tend against such hypotheses, whence continuing: "And it is 
difficult to explain by these hypotheses, how rays can be 
al ternately in fits of easy reflection and easy transmission; un¬ 
less perhaps one might suppose that there are in all space two 
'ethereal vibrating mediums, and that the vibrations of one of 
them constitute light, and the vibrations of the other are swifter, 
and as often as they overtake the vibrations of the first, put 
them into those fits. But how two ethers can be diffused 
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through all space, one of which acts upon the other, and by 
consequence is reacted upon, without retarding, shattering, dis¬ 
persing, and confounding one another’s motions, is inconceiv¬ 
able. And against filling the heavens with fluid mediums, un- 
less they he exceeding rare, a great objection arises from the 
regular and very lasting motions of the planets and comets in 
all manner of courses through the heavens. For thence it is 
manifest, that the heavens are void of all sensible resistance 
and by consequence of all sensible matter. 

“For the resisting power of fluid mediums arises partly from 
the attrition of the parts of the medium, and partly from the 
vis jKcr/te of the matter. . . . 

“Now that part of the resisting power of any medium 
which arises from the tenacity, friction, or attrition of the parts 
of the medium, may be diminished by dividing the matter into; 
smaller parts, and making the parts more smooth and slippery; 
but &at part of the resistance which arises from the vis- 
inerticB, is proportional to the density of the matter, and 
cannot be diminished by dividing the matter into smaller parts,' 
nor by any other means than by decreasing the density of the 
medium. And for these reasons the density of fluid mediums 
is very nearly proportional to their resistance . . . and by 
consequence, if the heavens were as dense as water, they would 
not have much less resistance than water; if as dense as quick¬ 
silver, they would not have much less resistance than quick¬ 
silver; if absolutely dense, or full of matter without any 
vacuum, let the matter be never so subtle and fluid, they would 
have a greater resistance than quicksilver. A solid globe in 
such a medium would lose above half its motion in moving 
three times the length of its diameter, and a globe not solid 
(such as are the planets) would be retarded sooner. And there- s 
fore to make way for the regular and lasting motions of the 
planets and comets, it’s necessary to empty the heavens of all 
^tter, ex^t perhaps some very thin vapours, steams, or* 
eflluvia, aiismg from the atmospheres of me earth,: planets<; 
and comets, and from such an exceedingly rare ethereal me¬ 
dium as we described above. A dense fluid can be of no use 
for explaining the phenomena of nature, the motions of the 
planets and comets being better explained without it. It serves 
only to disturb and retard the motions of those great bodies, 
and make the frame of nature languish: and in the pores of 
bodies, it senres only to stop the vibrating motions of their 
parts, wherein their heat and activity consists. And as it is of 
no use, and hinders the operations of nature, and makes her 
languish, so there la no evidence for its existence, and therefortf-- 
it ou^t to be rejected. And if it be rejected, the hypotheses 
that light consists in pression or motion propagated through 
such a medium, are rejected with it. 
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such a conceptioa of the ether Newton presupposes his refuta¬ 
tion of the whole vortex theory of planetary motion in the 
Principia. Obviously, if the dense ethereal fluid be at rest 
’ rather than in a series of vortical whirlings, its resistance will 
make the regular and continued celestial motions impossible. 
Just what, now, did Newton propose to substitute for this 
fluid, in the hope of fulfilflng by it the two functions needed? 
His first and rather elaborate presentation of the ether occurs 
in a letter to Oldenburg late in 1675, introduced by an il¬ 
luminating statement of his conception at that time of the 
place and function of hypothesis.^^ It should be noted, the 
conviction of the ether’s existence and general nature is not a 
]part of what is here presented as hypothesis; so much is as- 
^sumed unqualifiedly by Newton. “Were I to assume an hy¬ 
pothesis, it should be this, if propounded more generally so 
vas not to determine what light is, further than that it is some¬ 
thing or other capable of exciting vibrations in the ether; for 
I thus it will become general and comprehensive of other hy¬ 
potheses so as to leave little room for new ones to be in¬ 
vented; and, therefore, because I have observed the heads of 
some great virtuosos to run much upon hypotheses, as if my 
discourse wanted an hypothesis to explain them by, and found 
that some, when I could not make them take my meaning when 
1 spake of the nature of light and colours abstractedly, have 
readily apprehended it when I illustrated my discourse by an 
hypothesis; for this reason I have here thou^t fit to send you 
a despription of the circumstances of this hypothesis, as much 
to the illustration of the papers I herewith send you." 
tjNewton adds that he does not assume as true either this or any 
other hypothesis, though for convenience’ sake writing as if he 
assumed it, and therefore people must not measure the cer- 
I tainty of his other writings by this or hold him obliged to an- 

“And for rejecting such a medium, we have the authority of 
the oldest and most celebrated philosophers of Greece 
and Phoenicia, who made a vacuum and atoms, and the gravity 
of atoms, the first principles of their philosophy; tacitly attnb- 
kVuting gravity to some other cause than dense matter." 

Brewster, I, 390, fL. Oldenburg was Secretary of the Royal 
Society. 
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swer objections to it; "for I desire to decline being involved in 
such troublesome, insignificant disputes," It is evident, how¬ 
ever, that at the time Newton clearly thought the following 
suppositions about the ether very probable. 

But to proceed to the hypothesis:—I. It is to be supposed 
therein, that there is an ethereal medium, much of the same 
constitution with air, but far rarer, subtler, and more 
strongly elastic. Of the existence of this medium, the motion 
of a pendulum in a glass exhausted of air almost as quickly 
as in the open air is no inconsiderable argument. But it is 
not to be supposed that this medium is one uniform matter, 
but composed partly of the main phlegmatic body of ether, < 
partly of other various ethereal spirits, much after the man¬ 
ner that air is compounded of the phlegmatic body of air " 
intermixed with various vapours and exhalations. For the*^ 
electric and magnetic efQuvia, and the gravitating principle, 
seem to argue such variety. Perhaps the whole frame of 
nature may he nothing but various contextures of some cer¬ 
tain ethereal spirits or vapours, condensed as it were by 
precipitation, much after the maimer that vapours are con¬ 
densed into water, or exhalations into grosser substances, 
though not so easily condensable; and after condensation 
wrought into various forms, at first by the immediate hand 
of the Creator, and ever since by the power of nature, which, 
by virtue of the command, increase and multiply, became 
a complete imitator of the copy set her by the Protoplast. 
Thus perhaps may all things be originated from ether. 

In connexion with this interesting speculation, the question’I 
might be raised whether by the "main phlegmatic body of 
ether" Neivton is not thinking of the Cartesian fluid, only 
rejecting the latter at a later date. This possibility is negate^ 
however, by the similarity between the descriptive language 
used here and in his later attack on the Cartesians—his medium 
is described in both places as very rare, subtle, elastic, and the 
like. Now besides the “m^ pMegmatic body of the ether", 
which is doubtless by the method of difierence regarded merely^' 
as a medium of transmission, there are diffused through it 
“various ethereal spirits” which furnish the explanation for 
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such phenomena as involve other principles than the propaga¬ 
tion of motion,including electricity, magnetism, and grav¬ 
ity; with the added fancy that the whole frame of material 
nature may be composed of such spirits in a very condensed 
form. Newton proceeds to explain in detail how various types 
of phenomena may be accounted for by the help of this hy¬ 
pothesis; electricity, gravity, cohesion, animal sensation and 
motion, the refraction, reflection, and colours of li^t furnish¬ 
ing the most prominent subjects for discussion. As illustrative 
of the trend of his thought at this time we shall select for 
compact presentation his ethereal explanation of gravity. 

After suggesting that electrical attraction and repulsion may 
^ be accounted for in terms of condensation and refraction of 
.. one of the hypothesized ethereal spirits, Newton goes on: 

So may the gravitating attraction of the earth be caused 
by the continual condensation of some other such like ethe¬ 
real spirit, not of the main body of phlegmatic ether, but of 
something very thinly and subtiely diffused through it, per¬ 
haps of an unctuous, or gummy, tenacious and springy na¬ 
ture; and bearing much the same relation to ether which 
the vital aerial spirit requisite for the conservation of flame 
and vital motions does to air. For if such an ethereal spirit 
may be condensed in fermenting or burning bodies, or other¬ 
wise coagulated in the pores of the earth and water into 
some kind of humid active matter for the continual uses of 
nature (adhering to the sides of those pores after the man- 
mnet that vapours condense on the sides of the vessel), the 
vast body of the earth, which may be everywhere to the 
very centre in perpetual working, may continually con¬ 
dense so much of this spirit as to cause it from above to 
descend with great celerity for a supply; in which descent 
it may bear down with it the bodies it pervades with force 
proportional to the superficies of all their parts it acts upon, 
nature making a circulation by the slow ascent of as much 
matter out of the bowels of the earth in an aerial form, 
which for a time constitutes the atmosphere, but being con¬ 
tinually buoyed up by the new air, exhalations, and vapours 

12 Note p. 400 also. 
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rising underneath, at length (some part of the vapours which 
return in rain excepted) vanishes again into the ethereal 
spaces, and there perhaps in time relents and is attenuated 
into its first principle. For nature is a perpetual circulatory ' 
worker, generating fluids out of solids, and solids out of 
fluids, fixed things out of volatile, and volatile out of fixed, 
subtle out of gross, and gross out of subtle, some things to 
ascend and make the upper terrestrial juices, rivers, and 
the atmosphere, and by consequence others to descend for 
a requital to the former. And as the earth, so perhaps may 
the sun imbibe this spirit copiously, to conserve his shining, 
and keep the planets from receding farther from him: and 
they that will may also suppose that this spirit affords or ’ 
carries with it thither the solary fuel and material principle 
of light, and that the vast ethereal spaces between us and 
the stars are for a sufficient repository for the food of the 'i, 
sun and planets.^^ 

This explanation of gravity in terms of a continual circula¬ 
tion of ethereal spirit under the condensation of the earth, sun, 
and other attracting bodies, appealed to Newton in part be¬ 
cause its mathematical conditions agreed with his deductions 
from Kepler’s planetary laws. He notes this agreement in the 
correspondence between himself and Halley just before the 
Principia was published, when he still appears to look with 
considerable favour on the notion.^* 

’BP.393,ff. 

■^^W.W.R. Ball, An Essay on Newton's Principia, London, 
1893, p. 166, fi.—'T there suppose [i.e., in the above hypothe- i 
sis] that the descending spirit acts upon bodies here on the 
superficies of the earth with force proportional to the super¬ 
ficies of their parts; which cannot be, unless the diminution of 
its velocity in acting upon the first parts of any body it meets 
with, be recompensed by the increase of its density arising 
from that retardation. Whether this be true is not material. It 
suffices, that ’twas the hypothesis. Now if this spirit descend 
from above with uniform velocity, its density, and conse¬ 
quently, its force, will be reciprocally proportional to the , 
square of its distance from the centre. But if it descend with ' 
accelerated motion, its density will everywhere dimmish as 
much as its velocity increases; and so its force (according to 
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A little more than three years later, Newton wrote a letter 
to Boyle in which many of the same subjects are treated. 
^It is strongly noticeable, however, that in fliis letter the ex- 
•travagance of his former speculations has been considerably 
toned down, and toward the end of the letter he falls upon a 
new explanation of gravity which, though still in ethereal 
terms, is at once a more simple and less fanciful mechanical 
account of the facts. The distinction between the main body 
of the phlegmatic ether and the various ethereal spirits diffused 
through it and performing individual functions seems to have 
almost disappeared in favour of a uniform medium save as 
graduated in degrees of density and grossnesa. It is obvious 
that Newton’s thought is striving to rid itself of all the magical 
.and. fantastic elements possible. The introduction to the letter 
is included, as an indication of Newton’s intimate relations 
iavith Boyle at this time. 

Honoured Sir:—I have so long deferred to send you my 
thoughts about the physical qualities we speak of, that did 
1 not esteem myself obliged by promise, I think I should 
be ashamed to send them at all. The truth is, my notions 
about things of this kind are so indigested, that I am not 
well satisfied myself in them; and what I am not satisfied in, 
I can scarce esteem fit to be communicated to others; es¬ 
pecially in natural philosophy, where there is no end of 
fancying. But because I am indebted to you, and yesterday 
met with a friend, Mr. Maulyverer, who told me he was 
jaaigoing to London, and intended to give you the trouble of a 
visit, I could not forbear to take the opportunity of convey¬ 
ing this to you by him. 

It being only an explication of qualities which you desire 
of me, I shall set down my apprehensions in the form of 
suppositions as follows. And first, I suppose that there is 
diffused through all places an ethereal substance, capable 
of contraction and dilation, strongly dastic, and, in a word, 
much like air in all respects, but far more subtle. 

^he hypothesis) will be the same as before, that is, still 
reciprocally as the square of its distance from the centre, 
Cf. also pp. 158,161. 
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2. I suppose this ether pervades all gross bodies, but yet 
so as to stand rarer in their pores than in free spaces, and 
so much the rarer, as their pores are less; and this I suppose 
(with others) to be the cause why light incident on those 
bodies is refracted towards the perpendicular; why two well- 
polished metals cohere in a receiver exhausted of air; why 
^ stands sometimes up to the top of a glass pipe, though 
much higher than thirty inches; and one of the main causes 
why the parts of all bodies cohere; also the cause of filtra¬ 
tion, and of the rising of water in small glass pipes above 
the surface of the stagnating water they are dipped into; 
for 1 suspect the ether may stand rarer, not only in the 
insensible pores of bodies, but even in the very sensible' 
cavities of those pipes; and the same principle may cause, 
menstruums to prevade with violence the pores of the bodies 
they dissolve, the surrounding ether, as well as the atmos-’ 
phere, pressing them together. 

3. I suppose the rarer ether within bodies, and the denser 
without them, not to be terminated in a mathematical 
superficies, but to grow gradually into one another; the ex¬ 
ternal ether beginning to grow rarer, and the internal to 
grow denser, at some little distance from the superficies of 
the body, and running through all intermediate degrees of 
density in the intermediate spaces.^’’ 

Newton then propounds in terms of this conception of the 
ether an elaborate explanation of the refraction of light, cohe¬ 
sion, and the action of acids upon various substances. As he- 
nears the end of the letter, the notion of the ether as being, 
graduated in density according to its distance from the central’ 
pores of solid bodies has evidently suggested to his mind the | 
simple explanation of gravity referred to. j 

I shall set down one conjecture more, which came into 
my mind now as I was writing this letter; it is about the 
cause of gravity. For this end I will suppose ether to con¬ 
sist of parts differing from one another in sublilty by in-,, 
definite degrees; that in the pores of bodies there is less of 

Brewster, 1,409, ff. 
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the grosser ether, in propordon to the finer, than in the 
regions of the air; and that yet the grosser ether in the air 
affects the upper regions of the earth, and the finer ether in 
the earth the lower regions of the air, in such a manner, 
that from the top of the air to the surface of the earth, 
and again from the surface of the earth to the centre 
thereof, the ether is insensibly finer and finer. Imagine now 
any body suspended in the air, or lying on the earth, and the 
ether being by the hypothesis grosser in the pores, which 
are in the upper parts of the body, than in those which are 
in its lower parts, and that grosser ether being less apt to 
be lodged In those pores than the finer ether below, it will 
k endeavour to get out and give way to die finer ether below, 
which cannot be, without the bodies descending to make 
room above for it to go out into. 

i From this supposed gradual subtilty of the parts of 
ether some things above might be further illustrated and 
made more intelligible; but by what has been said, you 
will easily discern whether in these conjectures there be any 
degree of probability, which is aU I aim at. For my own 
part, I have so litde fancy to things of this nature, that bad 
not your encouragement moved me to it, I should never, 
I think, have thus far set pen to paper about them.''*’ 

This rather crude hypothesis of gravity was much pondered 
■ over by Newton, and assumed a more mature form in query 
^ twenty-one of his Opticks, from which we shall quote below. 

Jhesa citations from Newton’s early correspondence clearly 
'in^cate that while his opinions fluctuated as to the detailed 
'V method of applying the theory of the ether to such phenomena 
and hence because of his avowed experimentalism always 
presented such opinions tentatively and with some diffidence; 
yet as to the existence of such a medium and the legitimacy 
of the appeal to it for a solution of certain difficulties he had 
no doubt whatsoever. For More, the world would fly to pieces 
without the ethereal spirit; for Newton it would run down and 
become motionless if it were not for the continual recruiting 
'• of motion in these various ways by active principles lodged 

''«P.418,ff. 
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in the ether. And he never gave up hope that experimental 
evidence mi^t eventually be secured which would establish or 
definitely overthrow some of these specific conjectures.” It 
was in this spirit and to this purpose that he proposed many > 
of the thirty-one queries attached to the Opticks, 

This judgment of Newton’s efiiereal hypothesis is interest- 
in^y confirmed by the last paragraph of the Prlncipia. 

And now we might add something concerning a certain 
most subtle spirit which pervades and lies hid in all gross 
bodies; by the force and action of which spirit the particles 
of bodies mutually attract one another at near distances, 
and cohere if contiguous; and electric bodies operate to ^ 
greater distances, as well repelling as attracting the neigh¬ 
bouring corpuscles; and light is emitted, reflected, refracted, ^ 
inflected, and heats bodies; and all sensation is excited, and , 
the members of animal bodies move at the command of the ' 
will, namely by the vibrations of this spirit, mutually prop¬ 
agated along the solid filaments of the nerves, from the 
outward organs of sense to the brain, and from the brain 
into the muscles. But these are things that cannot be ex¬ 
plained in few words, nor are we furnished with that suf¬ 
ficiency of experiments which is required to an accurate 
determination and demonstration of the laws by which this 
electric and elastic spirit operates.’'^^ 

In other words, the existence of this spirit and its causal 
relation to such phenomena is assumed to be indubitable; the 
only uncertainty, and hence the reason why these matters can-*’’ 
not be properly treated in the Princlpia, is that we have so > 
far been unable to obtain accurate experimental laws express¬ 
ing the operations of this pervasive medium. It is worthy of 
note that here also there is no hint of the manifold distinctions 
about the ether made in his letter of 1675; it appears to be 
conceived as a single medium. 

” Opticks, p. 369. 

''^Principles, H, 314. 
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c. Development of a More Settled Theory 

It is in the Opticks, and especially in one of those queries 
which were last appended to the work, that Newton's final 
statements on the nature and functions of the ether are prof¬ 
fered. Here we find his earlier suppositions clarified and 
developed in greater detail; here also the raplanation of grav- 
^ity hit upon in the course of his letter to Boyle Is presented in 
j£tL refined and simplified form. 

The passage opens with the statement of an interesting fact 
' for explanation: A thermometer enclosed in a vacuum and 
w, carried from a cold place into a warm one “will grow warm 
^ as much and almost as soon as the thermometer which is not 
in vacuo. ... la not the heat of the warm room conveyed 
through the vacuum by the vibrations of a much subtiler 
medium than air, which after the air was drawn out remained 
m the vacuum? .... And is not this medium exceedingly 
more rare and subtle than the air, and exceedin^y more 
elastic and active? And doth it not readily pervade all bodies? 
And is it not (by its elastic force) expanded through all the 
heavens? 

t “Is not this medium much rarer within the dense bodies 
of the sun, stars, and planets and comets, than in the empty 
jmcelestial space between them? And in passing from them to 
.great distances, doth it not grow denser and denser perpetu^y, 
and thereby cause the gravity of those great bodies towards 
one anofiier, and of their parts towards the bodies; every 
body endeavouring to go from the denser parts of the medium 
towards the rarer? For if this medium be rarer within the sun’s 
body than at its surface, and rarer there than at the hundredth 
part of an inch from its body, and rarer there than at the 
fiftieth part of an inch from its body, and rarer there than at 
^he orbit of Saturn; I see no reason why the increase of density 
Should stop anywhere, and not rather be continued through all 

I ™ Opticks, p. 323, S. 
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distances from the sun to Saturn, and beyond. And though 
this increase of density may at great distances be exceeding 
slow, yet if the elastic force of this medium be exceeding 
great, it may suffice to impel bodies from the denser parts of 
the medium towards the rarer, with all that power which we 
call gravity. And that the elastic force of this medium is exceed¬ 
ing great, may be gathered from the swiftness of its vibra¬ 
tions”. Newton here cites the velocity of sound and of li^t 
by way of illustration, and enters upon a disquisition in which 
he repeats some of his earlier speculations on the possibility of 
explaining refraction, sensation, animal motion, magnetism; 
and the like by the aid of the ether. He then launches on a ^ 
further description of the medium. “And if any one should < ■ 
suppose that ether (like our air) may contain particles that^ 
endeavour to recede from one another (for I do not know 
what this ether is), and that its particles are exceedin^y.; 
smaller than those of air, or even than those of light: the 
exceeding smallness of its particles may contribute to the 
greatness of the force by whidi those particles may recede 
from one another, and thereby make that medium exceedingly 
more rare and elastic than air, and by consequence exceedingly 
less able to resist the motions of projectiles, and exceedingly 
more able to press upon gross bodies, by endeavouring to 
expand itself. 

“May not planets and comets, and all gross bodies, perform 
their motions more freely, and with less resistance, in this 
ethereal medium than in any fluid which Alls all space ade¬ 
quately without leaving any pores, and by consequence is muclr- 
denser than quicksilver or gold? And may not its resistance^ 
be so small, as to be inconsiderable? For instance; if this' 
ether (for so 1 will call it) should be supposed 700,000 times 
more elastic than our air, and above 700,000 times more rare; 
its resistance would be above 600,000,000 times less than that 
of water. And so small a resistance would scarce make any sen¬ 
sible alteration in the motions of the planets in ten thousand 
years.” 

Newton’s ether as finally portrayed is thus a medium of.! 
essentially the same nature as air, only much rarer. Its particles 
are very small and are present in greater quantity according 
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as they are more distant from the inner pores of solid bodies. 
They are elastic, i,e., they possess mutually repulsive powers, 
being constantly in the endeavour to recede one from another, 
which endeavour is the cause of the phenomena of gravitation. 
Other phenomena of the types above noted are attributed to 
additional active powers possessed by the ether, or are occa¬ 
sionally spoken of as following likewise from the operation 
of these repulsive forces. But the active powers apparently 
cannot be dispensed with, inasmuch as the universal machine 
is on the decline and the ether is burdened with the responsi¬ 
bility of constantly replenishing the vigour and motion of the 
cosmos through tiie exercise of these active principles. It is 
mteresting biographically to observe that in Newton’s later 
writings the number of inexplicable elements or qualities that 
are invoked to account for the variety of extra-mechanical 
phenomena is greatly reduced as compared with the early 
attempts. In fact, in one instructive section of the Opticks he 
repeats in the form of a vast cosmic hypothesis his suggestion 
in the preface of the Principia that all the phenomena of 
nature may be soluble in terms of atomism and determinate 
attractive and rq)ulsive forces. For this his earlier speculation 
on the possibility of deriving solid bodies ultimately from ethe¬ 
real substances and bis constantly expressed faith in all kinds 
Of transmutations in nature had paved the way. The hypothe¬ 
sis, in brief, is that the whole of the physical world may con¬ 
sist of particles which attract each other in proportion to their 
^jize, the attraction passing through a zero point into repulsion 
as we get down to the very minute particles that compose 
what we call the ether.®® Thus at one stroke the formation 
of solid bodies out of the mutual attractions of the larger 
particles, and the nil-pervading ethereal medium with its re¬ 
pulsive endeavours and its variations of density are made quite 
plausible. It is regrettable that Newton did not allow his 
disciplined imagination to pursue such suggestions till he had 
evolved the simplest possible definite theory of the physical 
. universe as a whole. 

Did Newton think of the ether as a material or immaterid 
®® Opticks, p. 363, ff. 
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substance? Was the influence of More over him, already ob-' 
served at so many points, suffldent to make him follow the^' 
great Platonist and his predecessor Gilbert in conceiving th/s' 
ethereal medium as something spiritual rather than materialf^ 
The reader has noticed that in the quotations so far drawn 
Newton uses the term “spirit” almost as frequently as “me- 
dium," excq)t when referring to the “main body of the,v 
phlegmatic ether," and in the third letter to Bentley. Likewise, 
in the PrlncipUfi^ the question is raised and left ostensibly . 
open whether the interplanetary medium be a corporeal orv 
incorporeal one. Does Newton use these terms in the sanie 
sense that his En^ish predecessors applied to them? \ 

Thus put, the question is impossible to answer. In fact, if ( 
we focussed our attention on the cosmic theory just considered,- 
we should have to deny any difference in substance between 
the ether and solid bodies,- which would make the former 
necessarily corporeal; and yet in his early letter it was sug¬ 
gested that solid bodies arise by concretions of various ethe¬ 
real spirits, which would seem to make the bodies ultimately 
sp t Tt tiigt The fact is, Newton’s positivism was powerful enough 
to prevent his carrying his speculations very far in this direc¬ 
tion. The ultimate nature of anything he rather consistently 
denied knowledge of, and our curiosity must therefore remain 
unsatisfied on this point. Bodies existed, displayed certain 
qualities, and acted in certain mathematical ways; the ether, 
he was convinced, likewise existed, and provided for the pr^ 
agation and increase where needed of the decaying moticm 
in the world; he called it a spirit, and believed thoroughly in 
the possibility of universal transmutations in nature; but ques¬ 
tions as to their inner substance or final relations he considered 
so far beyond the scope of profitable science as not to deseryf^ 
careful attention. Furthermore, the spirituality of the cosm^F 
to him was amply guaranteed by the fact that all t hin gs and 
their forces were originally given existence and direction by 
a spiritual Creator. Religiously as well, then, such a question 
as we have proposed was unimportant. To Newton’s theism 
and its relation to his science we now turn. 


8iVol.I,174. 



283 


*’^E METAPHYSICS OF NEWTON 


1 ^, 

^fection 6. God—Creator and Preserver of the Order 
, of the World 

' Thus far the metaphysical ideas of Newton which we have 
i heen investigating exemplify in the main the first and second 
(of the three types distinguished in Section 2 of the present 
wphapter. They are either appropriated uncritically from the 
Wentific tide of the day or rest upon some feature of his 
^ethod for their final justification. His treatment of space and 
l*'ume, however, has lad us by anticipation into the importance 
i 'of his ultimately theistic interpretation of the universe, and 
■ now as we face the latter more directly it will be helpful first 
4 \o note that his theological views represent predominantly a 
metaphysical element of the third type. Reli^on was a funda¬ 
mental interest to Newton. It dealt with a realm for the most 
part different from the object of science; its method was quite 
disparate, for its conclusions, in the main, were msusceptible of 
proof or disproof by scientific standards. To be sure, Newton 
was confident, as we shall see, that certain empirical facts open 
to anybody’s observation, implied unqualifiedly the existence 
\ of a God of a certain definite nature and function. God was 
Spot detached from the world that scitace seeks to know; in¬ 
deed, every true step in natural philosophy brings us nearer 
to a knowledge of the first cause,® and is for this reason to be 
Srtfehly valued-it will enlarge the bounds of moral philosophy 
(\aIso, inasmuch as “so far as we can know by natural philoso¬ 
phy what is the first cause, what power he has over us, and 
what benefits we recdve from him, so far our duty towards 
hinij as well as that towards one another, will appear to us 
by the li^t of nature.”® So, although religion and science 
arp fundamentally different interpretations of flie universe, 
each valid in its own way, yet for Newton in the last andysis, 
the realm of science was dependent on the God of religion, 


r.'.sa Opticks, p. 345. 
® Opticks, p. 381. 



and led the reverent mind to a fuller assurance of his reality 
and a readier obedience to his commands. Thus in spite ($'!" 
their incommensurable character and his considerable succew 
in banning religious prejudices from his positive scientific 
theorems, the fact that God’s existence and control was neve^ 
questioned by the man who wrote almost as many theological 
(^ertations as scientific classics had its strong and significant 
reactions on positions which he would have called purely 
scientific. 


A. Newton as Theologian 

Newton's place in the religious unsettlement of his era 
would be an interesting topic for studious application. He wali 
accused by the ultra-orthodox of being an Aiian, apparently 
on ample grounds. Among other heretical suggestions, he 
wrote a brief essay on Two Notable Corruptions of Scrip¬ 
ture,^ in each case the effect of his thesis being to cast doubt 
on the traditional assumption that the doctrine of the Trinity 
was taught in the New Testament. A strongly Arian flavour 
pervades most of his theological efforts, from which we shall 
take a quotation or two for another purpose, namely to show 
that religion was something quite basic to him and in no sensed 
a mere appendage to his science or an accidental addition tb 
his metaphysics. Newton believed that scientific fact involved 
theism, but he would have been a thelst had his scientific* 
powers remained forever dormant. Newton evidently cher^ 
i^ed a kind of religious experience, nourished largely, cT 
course, by tradition, that was in the main detachable &om 
the theism postulated as a corollary to science. This fact has its 
relevant bearings on his dear and continued conviction that 
the world of science is by no means the whole world. 

We are, therefore, to acknowledge one God, infinite, 
eternal, omnipresent, omniscient, onmipotent, the creator 
of all things, most wise, most just, most good, most holy^ 

Opera, Vol. V. 
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We must love him, fear him, honour him, trust in him, pray 
to him, give him thanks, praise him , hallow his name, obey 
his commandments, and set times apart for his service, as 
we are directed in the third and fourth Commandments, for 
this is the love of Ood, that we keep his commandments, 
and his commandments are not grievous. I John v. 3. And 
' these things we must do not to any mediators between 
him and us, but to him alone, that he may ^ve his angels 
charge over us, who, being our fellow-servants, are pleased 
with the worship we give to their God. And tbds is &e first 
and the principal part of religion. This always was, and 
^ always will be the religion of God’s people, from the begin¬ 
ning to the end of the world.^^ 

Newton’s longer theolo^cal treaties, such as the Observa¬ 
tions on the Prophecies,^ but confirm these indications that 
he was a pious, believing Christian in all that the term then 
Implied, as well as a master scientist.^'' His Arianism was 

SK Brewster, II, 348, £E. 

«>Opera, VolV. 

®''From a manuscript entitled, On our Religion to God, to 
Christ, and the Church, Brewster, 11, 349, ff., the following 
excerpts are illustrative: 

V “There is one God, the Father, ever livhw, omnipresent, 
\imiiscient, almighty, the maker of heaven and earth, and one 
Mediator between God and man, the man Christ Jesus. . . . 

“The Father is omniscient, and hath all knowledge originally 

his own breast, and communicates knowledge of future 
things to Jesus Christ; and none in heaven or earlli, cn under 
’ -the earth, is worthy to receive knowledge of future things im- 
imediately' from the Father but the Lamb. And therefore the 
testimony of Jesus is the spirit of prophecy, and Jesus is the 
Word or Prophet of God. ... 

“We are to return th anks to the Father alone for creating 
us, and giving us food and raiment and other blessings^ of this 
life, and whatsoever we are to timnk him for, or desire that 
he would do for us, we ask of him immediatdy in the name 
of Christ. ... , ,, 

. “To us there is but one God, the Father, of whom are all 
nothings, and one Lord Jesus Christ, by whom are all things, and 
we by him. That is, we are to worship the Father alone as 
God Almighty, and Jesus alone as the Lord, the Messiah, the 
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radical for the age, but it did not prevent his approachmg the 
world of science under the necessity of seeing it cloaked by 
a divine glory and suffused with the religious significance that 
followed from the conviction that it had been created and 
ordered by the hands of the God who had been worshipped 
from his youth as Father of the Christian Saviour and infallible 
Author of the Christian Scriptures. 

Great King, the Lamb of God who was slain, and hath re¬ 
deemed us with his blood, and made us Icing s and priests.” 

In a very interesting tract on church union, Brewster, II, 
526, ff., Newton adds to his propaganda as a pioneer in that 
field some propositions on church government: 

“It is therefore fiie duty of bishops and presbyters to govern 
the people according to me laws of God and the laws of the 
king, and in their councils to punish offenders according to 
those laws, and to teach those who do not know the laws ofi 
God; but not to make new laws in the name of either God 
ortheki]^. 

“The Church is constituted and her extent and bounds of 
communion are defined by the laws of God, and these laws 
are unchangeable, 

“The laws of the king extend only to things that are left 
indifferent and undetermmed by the laws of God, and partic¬ 
ularly to the revenues and tranquillity of the church, to her 
courts of justice, and to decency and order in her worship; 
and all laws about things left indifferent by the laws of God 
ought to be referred to the civil govonment. . . , 

“To impose any article of communion not imposed from th| 
beginimg is a crime of the same nature with that of those 
Christians of the circumcision who endeavoured to impose dr- 
cumcision and the observation of the law upon the converted - 
Gentiles. For the law was good if a man could keep it, but 
we were to be saved not by the works of the law, but by faitl^ 
in Jesus Christ, and to impose those works as articles of com¬ 
munion, was to mdce them necessary to salvation, and thereby 
to make void the faith in Jesus Christ. And toere is the same 
reason against imposing any other article of communion which 
was not imposed from the beginning. All such impositions are 
teaching another gospel. . . . 

“After baptism we are to live according to the laws of God 
and the king, and to grow in grace and in the knowledge of 
our Lord Jesus Christ, by pracnsing what we promised before 
baptism, and studying the Scriptures, and teaching one another, 
in meekness and charity, without imposing their private opin-^ 
ions, or falling out about them.” 
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Patented in part by this traditional religious indoctrination 
and experience, in part thrust upon him, as it seemed, by 
indubitable evidences of intelligent purpose in the cosmic 
order, the now familiar arguments for the divine origin of the 
world are spread forth upon the pages of his classic works. 

The main business of natural philosophy is to argue from 
phenomena without feigning hypotheses, and to deduce 
causes from effects, till we come to the very first cause, 
whidi certainly is not mechanical; and not only to unfold 
the mechanism of the world, but chiefly to resolve these 
and such like questions. What is there in places almost 
' empty of matter, and whence is it that the sun and planets 
gravitate towards one another, without dense matter be- 
tween them? Whence is it that nature doth nothing in vain; 

I and whence arises all that order and beauty which we see 
in the world? To what end are comets, and whence is it that 
planets move all one and the same way in orbs concentric, 
while comets move all manner of ways in orbs very ec¬ 
centric, and what hinders the fixed stars from falling upon 
one another? How came the bodies of animals to be con¬ 
trived with so much art, and for what ends were their 
several parts? Was the eye contrived without dull in 
optics, or the ear without knowledge of sounds? How do 
the motions of the body follow from the and whence 
is the instinct in animals? Is not the sensory of animals that 
place to which the sensitive substance is present, and into 
which the sensible species of things are carried through the 
nerves and brain, that there they may be perceived by their 
immediate presence to that substance? And these things 
being rightly dispatched, does it not appear from phenom¬ 
ena that there is a being incorporeal, living, intelligent, 
omnipresent, who, in infin ite space, as it were in his sensory, 
sees the things themselves intimately, and thoroughly per¬ 
ceives them; and comprehends them wholly by their im¬ 
mediate presence to himself? 

vl® Cf. also Principles, 11,313; Opticks, p. 378, ff. 

8® Opticks, p. 344, ff. 



288 


Here facts whose ultimate causality Newton usually as¬ 
cribed to the ether seem to be regarded as the direct opera¬ 
tion of God, such as gravity and the production of bodily 
motion by the will. Likewise the theological grounding of the 
postulate of the simplicity of nature is notable, aligning New-' 
ton in this respect with his great scientific forbears. Of these 
teleological arguments the most cogent to Newton’s own mind, 
and one which he never tired of stressing, reflects his thorough 
acquaintance with the phenomena of the celestial system- 
that is, the fact that “planets move all one and the same way 
in orbs concentric, while comets move all manner of ways in 
orbs very eccentric.” In his first letter to Dr. Bentley, on the 
occasion of the latter’s tenure of the Boyle lectureship in 1692, 
this argument is developed in some detail. Bentley had written 
to Newton, outlining a vast cosmic hypothesis of the creation 
of the universe from matter evenly dispersed throughout alf 
space, on certain points of which he requested Newton’s 
advice because he had deduced it, as he believed, from New¬ 
tonian principles. The latter’s reply approved the main fea¬ 
tures of the scheme, but devoted itself especially to the above 
argument. 

Sir; When I wrote my treatise about our system, I had an 
eye upon such principles as might work with considering 
men, for the belief of a Deity; and nothing can rejoice me 
more than to find it useful for that purpose. But if I have 
done the public any service this way, it is due to nothing 
but industry and patient thou^t, ... 

The same power, whether natural or supernatural, which 
placed the sun in the centre of the six primary planets^' 
placed Saturn in the centre of the orbs of his five secondary 
planets; and Jupiter in the centre of his four secondary 
planets; and the earth in the centre of the moon’s orb; and 
therefore, had tbb cause been a blind one without con¬ 
trivance or design, the sun would have been a body of the 
same kind with Saturn, Jupiter, and the earth; that is with¬ 
out light or heat. Why there is one body in our system 
qualified to give light and heat to all the rest, 1 know no. 

Cf. Opticks, p. 378; Principles, II, 310. 
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reason, but because the author of the system thought it 
convenient: and why there is but one body of this kind, I 
know no reason, but because one was sufficient to warm and 
enlighten all the rest. For the Cartesian hypothesis of suns 
losing their li^t, and their turning into comets, and comets 
into planets, can have no place in my system, and is plainly 
erroneous: because it is certain, that as often as they appear 
to us, they descended into the system of our planets, lower 
than the orb of Jupiter, and sometimes lower than the orbs 
of Venus and Mercury, and yet never stay here, but always 
return from the sun with the same degrees of motion by 
which they approached him. 

To your second query I answer, that the motions, which 
the planets now have, could not spring from any natural 
cause alone, but were impressed by an intelligent agent. 
For since comets descend into the region of our planets, 
and here move aU manner of ways, going sometimes the 
same way with the planets, sometimes the contrary way, and 
sometimes in crossways, their planes inclined to the plane 
of the ecliptic, and at all kinds of angles, it is plain that 
there is no natural cause which could determine all the 
planets, both primary and secondary, to move the same way 
and in the same plane, without any considerable variation: 
this must have been the effect of counsel. Nor is there any 
natural cause which could give the planets those just degrees 
of velocity, in proportion to their distances from the sun, 
and other central bodies, which were requisite to make them 
move in such concentric orbs about those bodies. Had the 
planets been as swift as comets ... or had the distances 
from the centres, about which they move, been greater or 
less. ... or had the quantity of matter in the sun, or in 
Saturn, Jupiter, and the earth, and by consequence their 
gravitating power, been greater or less than it is; the pri¬ 
mary planets could not have revolved about the sun, nor 
the secondary ones about Saturn, Jupiter, and the earth, in 
concentric circles as they do, but would have moved in 
hyperbolas or parabolas, or in ellipses very eccentric. To 
make this system, therefore, with all its motions, required 
a cause which understood, and compared together the quan- 
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titles of matter la the several bodies of the sun and planets, 
and the gravitating powers resulting from thence; the several 
distances of the primary planets from the sun, and of the 
secondary ones from Saturn, Jupiter, and the earth; and the ^ 
velocities, with which these planets could revolve about 
those quantities of matter in the central bodies; and to com¬ 
pare and adjust all these things together in so great a variety 
of bodies, argues that cause to be not blind or fortuitous, 
but very wdl skilled in mechanics and geometry.’’^ 

That Newton does not allow his teleology to run riot is 
evidenced by the concluding paragraphs of this interesting 
argument for the creation of the solar system by an expert’ 
mathematician. Dr. Bentley, in his zealous quest for theistic 
evidences, had suggested the inclination of the earth’s axis as 
an additional proof. Newton thought that this was overdoing;, 
the matter, unless the reasoning be cautiously guarded. 

Lastly, I see nothing extraordinary in the inclination of 
the earth’s axis for proving a Deity; unless you will urge 
it as a contrivance for winter and summer, and for making 
the earth habitable towards the poles; and that the diurnal 
rotations of the sun and planets, as they could hardly arise 
from any cause purely mechanical, so by being determined 
all the same way with the annual and menstrual motions, 
they seem to make up that harmony in the system, which,, 
as I explained above, was the effect of choice, rather than 
chance. 

There is yet another argument for a Deity, which 1 take 
to be a very strong one; but till the principles on which it^ 
is grounded are better received, I think it more advisable to 
let it sleep. 

There is nothmg in Newton’s later writings to indicate 
whether any of the arguments there advanced is the one here 
vnthheld from Dr. Bentley’s apologetic zest. 

Several times in his Bentley letters Newton took occasion to 
object to the doctor’s assumption that gravity is an essential 
quality of bodies. This his own experimental principles had.<i 

“Opera, IV, 429, ff. 
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led him to refuse to do, as we noted in Section 4.®2 At the 
same time the prestige of his law of gravitation, and its ap¬ 
parent universality in the world of matter, had encouraged 
a general impression that gravity was innate in matter accord¬ 
ing to Newtonian principles, an impression that was further 
advanced by Cotes’ explicit championship of the doctrine in 
his preface to the second edition of the Principia. “You some¬ 
times speak of gravity as essential and inherent to matter. 
Pray do not ascribe that notion to me; for the cause of grav¬ 
ity is what I do not pretend to know, and therefore would 
t^e more time to consider it.” Nevertheless, Newton held 
'^e phenomena to be such, that even with innate gravity the 
matter of the solar system could not have taken its present 
form alone; “gravity may put the planets into motion, but 
without the divine power it could never put them into such a 
Hsirculating motion, as they have about the sun"®*; further¬ 
more, if there be innate gravity, it is impossible now for the 
matter of the earth and all the planets and stars to fly up 
from them, and become evenly spread throughout all the 
heavehs, without a supernatural power, and certainly that 
which can never be hereafter without a supernatural power, 
could never be heretofore without the same power.” ®® Hence, 
whether with gravity essential to bodies or without, a divine 
creation is implied. 


B. God’s Present Duties in the Cosmic Economy 

Newton thus, because of his powerful religious heritage 
and with a keen sense for all the facts of order and adaptation 
in the world, supports with all the vigour of his authoritative 
pen the view currently accepted by all parties of the ultimately 

®® Cf. Principles, H, 161, fC.; 313, 

98 Opera, IV, 437. 

^9* Opera, IV, 436, ff.; 439. 

98 Opera, IV, 441. 
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religious genesis of the universe. Ood originally created masses 
and set them in motion; likewise the space and time in which 
they move, as we saw, he constitutes by his presence and con¬ 
tinued existence. He is responsible for that intelligent order 
and regular harmony in the structure of things that makes ^ 
them the object of exact knowledge and of reverent contem¬ 
plation. It is when we inquire into the subsequent relations of 
the Deity to his handiwork that we fall upon those elements in 
Newton’s theology that became of the most profound histori¬ 
cal significance. It wifi, be remembered that none of his pred¬ 
ecessors among the mechanical interpreters of nature had 
ventured to be fuUy consistent in the conception of the world ^ 
as a mathematical machine. It seemed either impious or 
dangerous to detach God from continued connexion with the 
object of his past creative activity. Thus Descartes, for all his 
mechanical enthusiasm, spoke of Ood as maintaining the vast'* 
machine by his “general concourse”, and even of recreating 
it constantly because of the supposed discreteness of tempor^ 
moments. By More the term “mechanical” was practically 
confined to the principle of inertia, God being either directly 
or indirectly responsible for those further principles in virtue 
of which things were actively held together in a circulating 
system. Boyle, in spite of his frequent comparison of the world 
to the Stiassburg clock, piously reiterated the “general con¬ 
course” of Descartes, though without indicating what meaning 
might be contained in the phrase, and attempted an analysis 
of the various ways in which God might be said to exert a 
present providence over the fruit of his labours. It is in 
Huyghens and Leibniz that we first meet spirits adventurous^ 
enou^ openly to confine the divine activity to the first crea¬ 
tion alone, and the latter contemptuously criticized his Eng¬ 
lish contemporaries for insulting the Deity by the insinuation 
that he had been unable to make a perfect machine at the 
beginning, but was under the necessity of tinkering with it 
from time to time in order to keep it in running condition. 
“According to their doctrine, God Almighty wants to wind up 
his watch from time to time, otherwise it would cease to move. 
He had not, it seems, sufficient foresight to make it a perpetual^ 
motion. Nay, the machine of God’s making is so imperfect 
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according to these gentlemen, that he is obliged to clean it 
now and then by an extraordinary concourse, and even to 
mend it as a clockmaker mends his work; who must conse¬ 
quently be so much the more unskilful a workman, as he is 
oftener obliged to mend his work and set it right. According 
to my opinion, the same force and vigour remains always in 
the world, and only passes from one part of matter to another, 
agreeably to the laws of nature and the beautiful pre-estab¬ 
lished order. And I hold that when God works miracles, he 
does not do it in order to supply the wants of nature, but 
those of grace. Whoever thinks otherwise, must needs have a 
very mean notion of the wisdom and power of God.” 

Now from Newton’s writinp, as from Boyle’s, it is possible 
to pick passage after passage in which it seems to be assumed 
that after its first construction the world of nature has been 
■quite independent of God for its continued existence and mo¬ 
tion. The world could not have arisen out of a chaos by the 
mere laws of nature, “though being once formed, it may 
continue by those laws for many ages” the frame of na¬ 
ture may be a condensation of various ethereal spirits, “and 
after condensation wrought into various forms, at first by the 
immediate hand of the Creator, and ever since by the power 
of nature, which, by virtue of the command, increase and 
multiply, became a complete imitator of the copy set her by 
the Protoplast”®®; “in him are all things contained and 
""moved, yet neither affects the other—God suffers nothing from 
the motion of bodies, bodies find ho resistance from the omni¬ 
presence of God.”®® But when we investigate more thor- 
. oughly we find that he, no more than Boyle, had any intention 
of really divorcing God from present control of, and occa¬ 
sional interference with, his vast engine. It is not enough to 
have the miracles of scripture and the achievements of 
spiritual grace to appeal to as evidences of continued divine 

®8 Brewster, II, 285. 

®'^ Opticks, p, 378. 

^®® Brewster, 1,392. 

®® Principles, II, 311. 
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contact with the realm of human affairs. Ood must also be 
given a present function in the cosmos at large; we must not 
allow him to abandon his toils after sk days of constructive 
labour and leave the world of matter to its own devices. New¬ 
ton’s religious prejudices and his eesthetico-scientiflc assump-^ 
tions alike arose in rebellion against such an indeterminate 
vacation for the Deity, 

It is noticeable that Newton, in common with the whole 
voluntaristic British tradition in medieval and modem philos¬ 
ophy, tended to subordinate in Ood the intellect to the will; 
above the Creator’s wisdom and knowledge is to be stressed 
his power and dominion. In some passages this emphasis is 
not present, but usually the proportions are unmistakable. The^ 
famous paragraph on the nature of the Deity in the second 
edition of the Principia is the most striking example; 

This Being governs all things, not as the soul of the world,'* 
but as Lord over all; and on account of his dominion he is 
wont to be called Lord Ood vavroKpirtap, or Universal Ruler 
. . . The Supreme Ood is a Being eternal, infinite, absolutely 
perfect; but a being, however perfect, without dominion, 
cannot be said to be Lord God. ... It is the dominion of 
a spiritual being which constitutes a God: a tme, supreme, 
or imaginary dominion makes a true, supreme, or imaginary 
Ood. And from his true dominion it follows that the true 
God is a living, intelligent, and powerful Being; and from. 
his other perfections, that he is supreme, or most perfect 
... We know him only by his most wise and excellent 
contrivances of things, end final causes; we admire him for 
his perfections; but we reverence and adore him on account* 
of his dominion; for we adore him as his servants; and a 
god without dominion, providence, and final causes, is noth¬ 
ing else but Fate and Nature. . . . And thus much concern¬ 
ing God; to discourse of whom from the appearances of 
things does certainly belong to natural philosophy.^'*'* 

Absurd indeed it would be to deprive a being so portrayed 
of present control of his creation; accordingly we find Newton^ 

i<*i* Principles, II, 311 ff. Cf. also Opticks, p. 381. 
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assigning to God two very important and specific duties in 
the daily cosmic economy. For one thing, he actively prevents 
the fixed stars from collapsing together in the middle of space. 
This is not taught in the PHncipia; Newton there had confined 
“himself to observing that in order to prevent such a coUapse 
God had set these stars at immense distances from one 
another.^®^ Of course, this expedient would hardly suffice 
through all the ages of time, hence the reader of Newton is 
surprised that his author nowhere cites this difficulty as a 
reason for not imputing gravity to matter beyond the reach 
of our experimental observations: if the fixed stars do not 
i^avitate, obviously there is no problem. We discover, how¬ 
ever, that Newton implicitly thinlcs of them as possessing grav¬ 
ity, for in the Opticks and the third letter to Bentley he as¬ 
signs it as one of the divine functions constantly to maintain 
Mhem at their proper intervals.^®* In the former note the 
question: “what hinders the fixed stars from falling upon one 
another?” In the latter, after approving, in the main, Bentley’s 
creation hypothesis, he adds: “And though the matter were 
divided at first into several systems, and every system by a 
divine power constituted like ours; yet would the outside 
systems descend towards the middlemost; so that this frame of 
things could not always subsist without a divine power to 
conserve it. . . 

In the final query of the Opticks, however, we find God 
made responsible for a much more intricate task in applied 
..piechanics; he is allotted the duty of providentially reforming 
the system of the world when the mechanism has so far run 
"•out of gear as to demand such a reformation. The active 
principles of the ether provide for the conservation of motion, 
but they do not provide sufficiently for overcoming the noted 
irregularities in the motion of the planets and comets, espe¬ 
cially the latter. Due to the gradual disintegration of the com- 
qts under the influence of solar heat,^®® and the retardation 

101 Principles, II, 310 ff. 

^102 Opticks, p. 344; Opera, IV, 439, ff. 
loa Principles, II, 293-8. 
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in. their aphelia because of mutual attractions among them¬ 
selves and between them and the planets; likewise due to the 
gradual increase in bulk of the planets, owing chiefly to the 
same causes, the irregularities in nature are on the increase, 
and the time will come when things must be set right again/ 
“For while comets move in very eccentric orbs in all man¬ 
ner of positions, blind fate could never make all the planets 
move in one and the same way in orbs concentric, some in¬ 
considerable irregularities excepted, which may have risen 
from the mutual actions of comets and planets upon one 
another, and which will be apt to increase tiU this system wants 
a reformation.”!®^ God is scientifically required, Newton 
holds, to fulfil this need, since he is a “powerful ever-living 
Agent, who being in all places is more able by his will to move 
the bodies within his boundless uniform sensorium, and 
thereby to form and reform the parts of the universe, than" 
we are by our will to move the parts of our own bodies. And 
yet we are not to consider the world as the body of Ood, or the 
several parts thereof, as the parts of Ood. He is a uniform 
being, void of organs, members or parts, and they are his 
creatures subordinate to him, and subservient to his will. . . . 
And since space is divisible in infinitum, and matter is not 
necessarily in all places, it may be also allowed that God 
is able to create particles of matter of several sizes and figures, 
and in several proportions to space, and perhaps of different 
densities and forces, and thereby to vary the laws of nature' 
and make worlds of several sorts in several parts of the uni¬ 
verse. At least, I see nothing of contradiction in all this.” !®® 
Newton thus apparently takes for granted a postulate of 
extreme importance; he assumes, with so many others who*^ 
bring an sesthetic interest into science, that the incomparable 
order, beauty, and harmony which characterizes the celestial 
realm in the large, is to be eternally preserved. It will not 
be preserved by space, time, mass, and ether alone; its pres¬ 
ervation requires the continued exertion of that divine wiU 
which freely chose this order and harmony as the ends of his 

^o*Opticks.p. 378, ff. 

!®® Opticks, p. 379. 



THE METAPHYSICS OF NEWTON 297 

first creative toil. From the Protoplast of the whole, God has 
now descended to become a category among other categories; 
the facts of continued order, system, and uniformity as ob¬ 
served in the world, are inexplicable apart from him. 


c. The Historical Relations of Newton’s Theism 

Contrast this Newtonian teleology with that of the scholas¬ 
tic system. For the latter, Ood was the final cause of all 
things just as truly and more significantly than their original 
- former. Ends in nature did not head up in the astronomical 
harmony; that harmony was itself a means to further ends, 
such as knowledge, enjoyment, and use on the part of living 
, beings of a higher order, who in turn were made for a still 
nobler end which completed the divine circuit, to know God 
and enjoy him forever. God had no purpose; he was the ul¬ 
timate object of purpose. In the Newtonian world, following 
Galileo’s earlier suggestion, all this further teleology is uncere¬ 
moniously dropped. The cosmic order of masses in motion 
according to law, is itself the final good. Man exists to know 
and applaud it; God exists to tend and preserve it. All the 
manifold divergent zeals and hopes of men are implicitly 
denied scope and fulfilment; if they cannot be subjected to the 
“aim of theoretical mechanics, their possessors are left no 
proper God, for them there is no entrance into the kingdom 
of heaven. We are to become devotees of mathematical 
science; God, now the chief mechanic of the universe, has 
“become the cosmic conservative. His aim is to maintain the 
status quo. The day of novelty is all in the past; there is no 
further advanee in time. Periodic reformation when necessary, 
by the addition of the indicated masses at the points of space 
required, but no new creative activity—to this routine of 
temporal housekeeping is the Deity at present confined. 

Historically, the Newtonian attempt thus to keep God on 
duty was of the very deepest import. It proved a veritable 
5 . boomerang to his cherished philosophy of religion, that as the 
result of all his pious ransackings the main providential func- 
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tion he could attribute to the Deity was this cosmic plumbery, 
this meticulous defence of his arbitrarily imposed mechanical 
laws against the threatening encroachments of irregularity, 
Really, the notion of the divine eye as constantly roaming the 
universe on the search for leaks to mend, or gears to replace # 
in the mi^ty machinery would have been quite laughable, 
did not its pitifulness become earlier evident. For to stake the 
present existence and activity of God on imperfections in the 
cosmic engine was to court rapid disaster for theology. Not 
immediately, of course, indeed for many contemporary minds 
the purging of the world from all secondary qualities and the 
stress laid on the marvellous regularity of its whirrings only 
brought into fuller rational relief its divine Creator and govern-^ 
ingWill. 

What though in solemn silence all 
Move round the dark terrestrial ball? 

What though no real voice nor sound 
Within their radiant orbs be found? 

In reason’s ear they all rejoice, 

And utter forth a ^orious voice. 

Forever singing as they shine, 

“The hand that made us is divine.” i®® 

But science moved on, and under the guidance of the less pious 
but more fruitful hypothesis that it would be possible to ex¬ 
tend the mechanical idea over an ever wider realm, Newton’s'^ 
successors accounted one by one for the irregularities that to 
his mind had appeared essential and increasing if the machine 
were left to itsdf. This process of eliminating the providential^ 
elements in the world-order reached its climax in the work of 
the great Laplace, who believed himself to have demonstrated 
the inherent stability of the universe by showing that all its ir¬ 
regularities are periodical, and subject to an eternal law which 
prevents them from ever exceeding a stated amount. 

While God was thus being deprived of his duties by the fur¬ 
ther advancement of mechanical science, and men were be- 

^®® The Spacious Firmament on High, hynm written by Joseph 
Addison to the chorus of Haydn's Creation, 3rd stanza. 
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ginning to wond» whether the self-perpetuating machine thus 
left stood really in need of any supernatural beginning, Hume’s 
crushing disposal of the ideas of power and causedity along an¬ 
other tack were already disturbing the learned world with the 
'*§bspicion that a First Cause was not as necessary an idea of 
reason as it had appeared, and Kant was prq)aiing the pene¬ 
trating analysis which frankly purported to remove Ood from 
the realm of knowledge altogether. In short, Newton’s cher¬ 
ished theology was rapidly peeled off by all the competent 
hands that could get at him, and the rest of his metaphysical 
entities and assumptions, shorn of their religious setting, were 
Mt to wander naked and unabashed through the premises of 
^swsequent thoughti unchallenged by thorough criticism be- 
^ cause supposed as eternally based as the positive scientific con¬ 
quests of the man who first annexed the boundless firmament 
, the domain of mathematical mechanics. Space, time, and 
mass became regarded as permanent and indestructible con¬ 
stituents of the infinite world-order, while the notion of the 
ether continued to assume unpredictable shapes and remains 
in the scientific thought of to-day a relic of ancient animism 
still playing havoc with poor man’s attempts to think straight 
about his world. The only place left for God was in the bare 
irreducible fact of intelligible order in things, which as regards 
; the cosmos as a whole could not be quite escaped by Hume 
i', 'Ae sceptic, and as regards the realm of moral relations was all 
I rat hypostasized by that ruthless destroyer of age-long theistic 
proofs, Immanuel Kant. Newton’s doctrine is a most interest- 
rtng and historically important transitional stage between the 
miraevdous providentialism of earlier religious phiiosophy 
rad the later tendency to idraitify the Deity with the sheer 
fact of rational order and harmony. God is still providence, 
but the main exercise of his miraculous power is just to main¬ 
tain the exact mathematical regularity in the S 3 rstem of the 
world without which its intelligibility and beauty would disap¬ 
pear. Ftnthermore, the subsequent attempt to merge him into 
that beauty and harmony had itself to battle for a most dis¬ 
couraging and precarious existence. The bulk of thinking men, 
-^er and inevitably anthropomorphic in their theology, could 
hardly sense religious validity in such theistic substitutes. For 
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them, so far as they were considerably penetrated with science 
or phiiosophy, God had been quite eliminated from the scene, 
and the only thing left to achieve was a smgle and final step 
in the mechanization of existence. Here were these residue 
souls of men, irregularly scattered among the atoms of man'V 
that swam mechanically among the ethereal vapours in tiipe 
and space, and still retaining vestiges of the Cartesian m 
cogitans. They too must be reduced to mechanical product) | 
and parts of ^e self-regulating cosmic clock. For this the rav! 
materials had already been supplied by Newton’s older Bng< 
lish contemporaries, Hobbes and Locke, who had applied ia 
this field the method of explanation in terms of simplest parts, 
merely dropping the mathematical requirement; they likewitie 
simply needed to be purged of a rather alien theological setting^ 
to fit appropriately into an ultimate mechanomorphic hypothf 
esis of the whole universe. Such a universalizing of this clo(^-; 
work naturalism reached its summation in some of the brilliant | 
French minds of the late Enlightenment, notably La Mettrie 
and the Baron d’Holbach, and in a somewhat different form I 
in nineteenth-century evolutionism. ' 

To follow such developments is obviously quite beyond the 
scope of an analysis of the metaphysic of early modem sci¬ 
ence. The rapid elimination of God, however, from the cate¬ 
gories, rendered irreversible the projection upon modern phi¬ 
losophy of the notable problem referred to in the introduction 
and yet racking the brains of thinkers, whose essential relation 
to the Newtonian metaphysical scheme can hardly therefore 
be passed over. 1 refer to the problem of knowledge. As Ion 
as the existence of a God to whom the whole realm of matter 
was intimately present and known, succeeded in maintainisg 
itself as an unquestioned conviction, the problem of how man’s 
soul, shut within the dark room of a ventricle of the brain, 
could possibly gain trustworthy knowledge of external masses 
blindly wandering in time and space, naturally became no te^ 
rifying puzzle—a spiritual continuity connecting all links in the 
infini te scene was supplied in God. This is why Boyle’s episte¬ 
mological comments were so weak. But with the farewell of 
the Deity, the epistemological difficulties of the situation coi)2i;i 
hardly fail to offer an overwhelming challenge. How could 
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intelligence grasp an inaccessible world in which there was no 
answering or controlling intelligence? It was hy no means an 
accident that Hume and Kant, the first pair who really ban¬ 
ned God from metaphysical philosophy, likewise destroyed 
oy a sceptical critique die current overweening faith in the 
metaphysical competence of reason. They perceived that the 
Newtonian world without God must be a world in which the 
reach and certainty of knowledge is decidedly and closely 
limited, if indeed the very existence of knowledge at all is pos¬ 
sible. This conclusion had already been foreshadowed in the 
fourth book of Locke’s Essay, where a pious theism alone 
t|[ved the inconsistent author from tumbling into the Avemus 
of scepticism. None of these keen and critical minds, however 
—and this is the major instructive lesson for students of phi¬ 
losophy in the twentieth century—directed their critical guns 
'ilfh the work of the man who stood in the centre of the whole 
significant transformation. No one in the learned world could 
be found to save the brilliant mathematical victories over the 
realm of physical motion, and at the same time lay bare the 
big problems involved in tiie new doctrine of causality, and the 
inherent ambiguities in the tentative, compromising, and ra¬ 
tionally inconstruable form of the Cartesian dualism that had 
been dragged along like a tribal deity in the course of the 
campaign. For the claim of absolute and irrefutable demon- 
'^ation in Newton’s name had swept over Europe, and almost 
everybody had succumbed to its authoritative sway. Wherever 
^as taught as truth the universal formula of gravitation, there 
was also insinuated as a nimbus of surrounding belief that 
ifian is but the puny and local spectator, nay irrelevant product 
of an infinite self-moving engine, which existed eternally be¬ 
fore bitn and will be eternally after him, enshrining the rigour 
of mathematical relationships while b anish i n g into impotence 
nil ideal Imaginations; an engine which consists of raw masses 
wandering to no purpose in an undiscoverable time and space, 
and is in general wholly devoid of any qualities that might 
; spell satisfaction for the major interests of human nature, 
ti^e solely the central aim of the mathematical physicist. In- 
■ deed, that this aim itself should be rewarded appeared incon- 
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sistent and impossible when subjected to the light of dear 
epistemologlcal analysis. ^ 

But if they had directed intelligent criticism in his direction 
what radical conclusions would they have been likely to reach? 






CHAPTER Vni. CONCLUSION 


We have observed that the heart of the new scientiflc meta¬ 
physics is to be found in the ascription of ultimate reality and 
causal efficacy to the world of mathematics, which world is 
identified with the realm of material bodies moving in space 
and time. Expressed somewhat more fully, three essential 
points are to be distinguished in the transformation which is¬ 
sued in the victory of this metaphysical view; there is a change 
in the prevailing conc^tion (1) of re^ty, (2) of causality, 
and (3) of the human mind. First, the real world in whi^ 
^an lives is no longer regarded as a world of substances pos¬ 
sessed of as many ultimate qualities as can be experienced in 
them, but has become a world of atoms (now dectrons), 
equipped with none but mathematical characteristics and 
moving according to laws fully statable in mathematical form. 
Second, explanations in terms of forms and final causes of 
events, both in this world and in the less independent realm 
of mind, have been definitely set aside in favour of explanations 
in terms of their simplest elements, the latter related tempo¬ 
rally as efficient causes, and being mec hanic a l ly treatable mo- 
tmns of bodies wherever it is possible so to regard fiiem. In 
connexion with this aspect of the change, God ceased to be 
l*!Fbgarded as a Supreme Final Cause, and, where still bdieved 
in, became the First Efficient Cause of the world. Man like- 
tmse lost the high place over against nature which had been 
his as a part of the earlier teleologicd hierarchy, and his 
minrf came to be described as a combination of sensations 


(now reactions) instead of in terms of the scholastic facul¬ 
ties. Third, the attempt by philosophers of science in the light 
of these two changes to re-describe the relation of the human 
mind to nature, expressed itself in the popular form of the 
\ ^esian dualism, with its doctrine of primary and secondary 
qualities, its location of the mind in a comer of the brain, and 
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its account of the mechanical genesis of sensation and idea. 

These changes have conditioned practically the whole of 
modern exact thinking. Today new theories on each of 
matters are in the making, theories which are more promising 
than earlier modem attempts to refute the metaphysic of sd- 
ence because they are born of an age in which physical science 
itself has been forced to break away from its Newtonian moor¬ 
ings and to consider its foundations afresh. In time, out of the 
clash of these theories will be created a new scientific con- , 
ception of the world which may last as long and dominate 
human thinking as profoundly as the great conception of the 
medieval period. In view of present rapid transformations in 
the fundamental ideas of the sciences the formation of tl^ 
new picture in detail cannot be wisely anticipated—it must take. 
its own time to arrive. Yet it ought to be the prime lesson of 
the present historical study that attempts to formulate this nm 
viewpoint by the mere synthesis of scientific data or the 
logical criticism of its assumptions are bound to be inadequate 
in any case. It is of the first importance that they be supple¬ 
mented by a sound insight into the major factors which have 
conditioned the rise both of the medieval metaphysic and of 
its mathematico-mechanical successor which is now seen by 
all thinkers to demand thorough critical overhauling. Without 
such insight the new metaphysic, when it arrives, will be but the 
objectification of the mood of an age, perhaps fitful and teij^- 
porary, rather than the reasoned expression of the intellectual 
insight of all ages. Unless we can approximate more closely.^ 
than has yet been done this generalized interpretation, the new 
cosmology will hardly be worth the effort required for its con¬ 
struction. But nothing can provide the panorama needed for 
this effort except extensive historical analysis of the sort that 
might include the present study as a humble contribution. 

It is beyond the scope of a concluding chapter to develop 
this moralising at any length, but it may be worth while to 
consider briefly the three fundamental phases just mentioned 
of the transformation to the mechanical world-view and see 
what the historical approach might hope to contribute to thte 
clarification of the issues involved. 
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So far as concerns fhe problem of the essential nature of 
reality, it ou^t to be fairly obvious after the feats of modem 
physics that the world around us is, among other things, a 
world of masses moving according to mathematically statable 
tews in time and space. To bring complaint against so much 
would be to deny the actual usable results of modem scientific 
inquiry into the nature of our physical environment. But 
when, in the interest of dearing the field for exact mathemati¬ 
cal analysis, men sweep out of the temporal and spatial realm 
all non-mathematical characteristics, concentrate them in a 
lobe of the brain, and pronounce them the semi-real effects of 
^mic motions outside, they have performed a rather radical 
piece of cosmic surgery which deserves to be carefully ex¬ 
amined. If we are right in judging that wishful thintog in the 
interest of religious salvation played a strong part in the con- 
*^ction of the medieval hierarchy of reality, is it not an 
equally plausible hypothesis to suppose that wishful thinking 
of another sort underlay this extreme doctrine of ^ly modem 
physics-that because it was easier to get ahead in the reduc¬ 
tion of nature to a system of mathematical equations by sup¬ 
posing that nothing existed outside of the human mind that 
was not so redudble, naturalists proceeded at onw to make the 
convenient assumption? And there is a certain peremptory 
logic in this. How could the world of physical matter be re- 
Wed to exact mathematical formiil® by anybody as long as 
Kb geometrical concentration was distracted by the supposition 
that physical nature is full of colours and sounds and feeling 
^d final causes as well as mathematical units and relation? It 
™uld be easy to let our judgment of these giants in the history 
^ thou^t be over-harsh. We should remember that men can¬ 
not do arduous and profound intellectual labour in the face of 
constant and seductive distractions. The sources of disteaction 
simply had to be denied or removed. To get ahead confidently 
with their revolutionary achievements, they had to attnbute 
absolute reality and independence to those entities in^ of 
which they were attempting to reduce the world. Tto once 
^ne, aU the other features of their cosmology followed as 
naturally as you please. It has, no doubt, been worth the meta- 
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physical barbarism of a few centuries to possess modem sci¬ 
ence. Why did none of them see the tremendous difficulties 
involved? Here, too, in the light of our study, can there be 
any doubt of the central reason? These founders of the phi¬ 
losophy of science were absorbed b the mathematical stud^ 
of nature, Metaphysics they tended more and more to avoid, 
so far as they could avoid it; so far as not, it became an in¬ 
strument for their further mathematical conquest of the world. 
Any solution of the ultimate questions which continued to pop 
up, however superficial and incrmsistent, that served to quiet 
the situation, to give a tolerably plausible response to their 
questionbgs b the categories they were now f amilia r with, 
and above all to open before them a free field for their fulla 
mathematical esploitation of nature, tended to be readily ac-. 
cepted and tucked away b their mbds with uncritical con¬ 
fidence. This was not quite true of those like Hobbes anti 
More, who were philosophers rather than mathematical physi¬ 
cists, and Descartes is perhaps an exception, though one can 
hardly feel sure how much his desperate cry for a pure mathe¬ 
matical science of nature conditioned his first philosophy. 

Now the growth to a commandbg position b modem 
thought of the chembal, biological, and social sciences has 
imposed difficulties on this simple scheme which even these 
redoubtable mechanists would have had to face seriously had 
mechanical physics not anticipated the exact development of 
these sciences to the extent that it did. From the standpomt 6f 
non-mechanical scbnces entities have to be regarded as be- 
longbg to the real world beyond the mbd for which there is** 
no place b the easy Newtonian metaphysic. At least the sec¬ 
ondary qualities and the tertiary ones embodied b human b- 
stitutions have to be accorded a quite different status than the 
one congemal to the early mechanical philosophy. These de¬ 
velopments strongly suggest that reality can only be consist¬ 
ently regarded as a more complex affair, that the primary 
qualities simply characterize nature so far as she is subject to 
mathematical handUng, while she just as really harbors the 
secondary and tertiary ones so far as she is a medley of orderly 
but irreducible qualities. How to construe a rational structure 
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out of these various aspects of nature is the great difQculty 
of contemporary cosmology; that we have not yet satisfactorfly 
solved it is evident if one considers the logical inadequacies in 
theory of emergent evolution, which appears at present 
most popular scheme for dealing with this problem. In 
this theory we either have to suppose fundamental discontinu¬ 
ities in nature sudi as permit no inference from qualities ear¬ 
lier ftvisting to those later appearing, or else we have to regard 
the more complex qualities as somdiow existing even before 
they would have been empirically observable, and co-operating 
in bringing about their material embodiment. The second of 
alternatives carries us back to pre-scientific logic, while 
f the first admits too many irrationalities in the order of nature, 
rit in effect gives up the task of construing a coherent order in 
the phases of reahty. These difflculties suggest that prahaps 
; ^ need to be much more radical in the explanatory hypothe¬ 
ses considered than we have allowed ourselves to be hereto¬ 
fore. Possibly the world of external facts is much more fertile 
and plastic than we have ventured to suppose; it may be that 
all these cosmologies and many more analyses and classifica¬ 
tions are genuine ways of arranging what natnre offers to our 
understanding, and that the main condition determining our 
selection between them is something in us rather than some¬ 
thing in the external world. This possibility might be enor^ 
ihpusly clarified by historical studies aiming to fenet out the 
fundamental motives and othar human factors involved in ea^ 
of these characteristic analyses as it appeared and to m^e 
what headway seemed feasible at evaluating them, discovermg 

vJjich are of more enduring significance and why. 

’^is becomes more evident still when we face the second 
phase of the Newtonian transformation, the problem of cau¬ 
sality Different thinkers and ages have made widdy differ^t 
assumptions as to what constitutes a sound causal explanation 
of any event-only historical study can reveal the factors con¬ 
ditioning the appearance of each type and afford os some basis 
. for deciding whidi of them is the more plausible, or at least 
, which points in the direction of fullest satisfaction of what we 
Wsmt an explanation to do. 

Viewed in their historical appearance m western saentmc 
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phiiosophyt there would seem to have been to date three basi¬ 
cally distinct convictions on this matter. One is the teleological 
position of Platonic and Aristotelian philosophy and expressed 
with meticulous precision in the scholastic dictum that th^^ 
cause must be adequate to the effect “either formally or emi¬ 
nently." In simple language we may put it thus: the cause 
must be at least as perfect as the effect. When worked out in 
detail this means an essentially religious picture of the world, 
and a being not dissimilar to the scholastic deity (an ens 
realissimum et perfeciisshnum) must be postulated as the ul¬ 
timate and all-embracing causa of events. The second is the 
mechanical position whose rise to importance we have studied 
in the preceding pages. Its fundamental assumptions are that 
aU causes and effects are reducible to motions of bodies in 
time and space and are mathematically equivalent in terms of 
the forces expressed. From this standpoint the notion of pe!F- 
fecdon drops out of sight entirely; the task of explanation be¬ 
comes that of analyzing events into the motions of the ele¬ 
mentary mass-units of which they are composed and stating 
the behaviour of any correlated group of events in the form 
of an equation. Here there is no such thing as an ultimate 
explanation except in the form of a most general law exem¬ 
plified in the specific explanations. Outside of the effort to 
unify scientific knowledge as far as possible by the discovery 
of such general laws, an explanation of anything is felt to ^e 
entirely adequate if it discovers some other mathematically 
equivalent event such as will enable the exact prediction of the^ 
former or the occurrence of the latter. The Newtonian world¬ 
view is a measureably logical metaphysical corollary of ti^ 
assumption with respect to the nature of explanation, carried 
through without the admission of any qualification except that 
provided by the anomalous realm of mind. The third position 
is the evolutionary one, forced in more recent times by the 
increasing feeling that the phenomena of growth, both organic 
and inorganic, require a type of causal explanation essentially 
different from either of the foregoing. The central assumption 
of this position is that the cause may be simpler than the effect, 
while genetically responsible for it. Common to the last tv^ 
of these causal assumptions is the method of analysing an 
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event to be explained into its simpler (and often pre-existent) 
components, and likewise the predictability and control of the 
effect by means of the cause, both of which features are un¬ 
necessary and usualiy absent in explanations from the teleologi- 
*cal standpoint. The second attempts to add the element of 
mathematical exactitude to the relation. 

Now it is a possible hypothesis at least that so far as the 
data of science are concerned we are left undetermined as 
between these assumptions of what constitutes an adequate 
rpn»al explanation, and that the factors conditioning a selec¬ 
tion between them are to be found primarily in us who think 
bbout the world rather than the world we are thinking about. 
Perhaps it is the rise to a dominating ambition of the human 
need to control nature’s processes, and to do so as exactly as 
possible, that accounts for our modem preferences in this mat- 
‘’fer. In this case a historical analysis of the growth of this need, 
an investigation of the corresponding motives which underlay 
the assumptions of earlier thou^t, and a systematic enquiry 
into the factors which have conditioned the rise and fall of 
these interests, would certainly be needed if we are to hope for 
any mature insight into their respective promise of perma¬ 
nence, the possibility of their reconciliation, and the rdatve 
plausibility of cosmological constructions which emphasise one 
or the other of these approaches. 

\ The prejudices of inteUectuals have been setting with m- 
^asing vigor throughout the modem period agaimt the 
t^>ioi> l n gical type of explanation. Some at least of the whys an 
•"wherefores of this feding are evident from the precedmg cop¬ 
ters. To-day, however, there are indications of a sense ttat 
!his prejudice may have been overdone. If that 

there is such a thing as value in the universe at all, he finds it 
very difficult to construe it without giving a place to^eolo^. 
To analyse a value and reveal its elements, or to study its his¬ 
tory and mode of appearance, will answer some questwm 
about a value, but will not account for its nature m ydu^ 
Certainly this is so if we are to mamtam, as sophisUcat^ 
. moderns do, that an ideal may be worffi ^ 

4lself as ideal, even though its ongm be humble its em 
pirical desti^ very uncertain. This implies that ques o 
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analysis and genesis are irrelevant to the status of value as 
such, and have we found any way of rationally construing 
values save that of organising them into a system in which 
that value which under the circumstances is taken as supreme 
determines the worth of all the rest? Now it may well be thaf 
science, despite its rejection of final causes, reveals the pies< 
ence and functioning of values in the fundamental categories it 
selects and the way it applies them, If so, then an adequate 
scientific metaphysic will not be able to manage without tele¬ 
ology in some form, and it becomes a question of first-rate 
importance what that form is to be.^ Surely a comparative 
study of different stages in the growth of scientific thinking 
will throw light on this question and suggest hypotheses that 
could be entertained with more confidence than any reached 
by a structural study of contemporary scientific procedure 
alone. ^ 

It may be worth while to examine at somewhat greater 
length fhe third phase of the Newtonian metaphysic; namely, 
its doctrine of mind, for it is at this point that philosophical 
criticism has already shown itself to best advantage in dealing 
with the metaphysical problems arising from modem science, 
and it may well be that its distinctive contribution in the future 
is along this line also. English idealists and realists from 
Berkeley down have been largely occupied in pointing out that 
the popular form of the Cartesian dualism, with its conceptio]]^ 
of mind as substantially different from physical matter and yet 
to be located in the physical brain, is suicidal to science herself ^ 
—it makes all knowledge of the world of science impossible 
and inconsistent—while the German idealists and their foL* 
lowers have largely attempted to show that the very existence 
of science, as well as of art, philosophy, and human civilisation 
generally, imply the ascription of a reality and nature to mind 
widely different from that admitted in the traditional dualism. 

Let us critically summarize the situation with reference to 
each of these points, commencing with the former. An ap¬ 
propriate text for this particular question will be found in 

^I have dealt in an elementary way with one phase of fliis 
question in a little book entitled Religion in an Age of Science, 
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that highly interesting statement of Descartes which has al¬ 
ready been twice quoted: “When any one tells us that he sees 
colour in a body or feels pain in one of his limbs, this is exactly 
the same as if he said that he there saw or felt something, of 
*the nature of which he was entirely ignorant, or that he did 
not know what he saw or felt.” We have discovered in the 
course of our historical analysis sufficient reason to believe 
that in its first inception by Galileo and Descartes this position 
was buttressed by not^g more than a mathematical 
apriorism, but, of course, it has rarely, if ever, been avowedly 
based thereon. As development continued in the sciences of 
'physiology and of optics, thinkers who had already taken the 
dualism over from the giants of science supposed themselves 
to have gathered sufficient empirical arguments to maintain 
the position. Professor Huxley, in his Helps to the Study of 
‘Berkeley,^ offers a typical recent defence of the situation as 
accepted by the bulk of modern scientists. 

Suppose that I accidentally prick my finger with a pin. I 
immediately become aware of a condition of my conscious¬ 
ness—a feeling which I term pain. I have no doubt whatever 
that the feeling is in myself alone; and if anyone were to say 
that the pain I feel is something which inheres in the needle, 
as one of the qualities of the substance of the needle, we 
should aU laugh at the absurdity of the phraseology. In fact, 
it is utterly impossible to conceive pain except as a state of 
consciousness. 

Hence, so far as pain is concerned, it is sufficiently ob¬ 
vious that Berkeley’s phraseology is strictly applicable to our 
power of conceiving its existence—its being is to be perceived 
or known, and, so long as it is not actually perceived by 
me, or does not exist in my mind, or that of any other 
created spirit, it must either have no existence at all, or else 
subsist in the mind of some eternal spirit. 

So much for pain. Now let us consider an ordinary sen¬ 
sation. Let the point of the pin be gently rested upon the 
skin, and I become aware of a feeling, or condition of 
. consciousness, quite different from the former—the sensation 

a In his Hume, New York, 1896, p. 251, fl. 
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of what I call “touch.” Nevertheless this touch is plainly 
just as much in myself as the pain was. 1 cannot for a mo¬ 
ment conceive this something which I call touch as existing 
apart from myself, or a being capable of the same feelings 
as myself. And the same reasoning applies to all the other 
simple sensations. A moment’s reflection is sufficient to con¬ 
vince one that the smell, and the taste, and the yellowness, 
of which we become aware when an orange is smelt, tasted, 
and seen, are as completely states of our consciousness as 
is the pain which arises if the orange happens to be too sour. 
Nor is it less clear that every sound is a state of the con¬ 
sciousness of him who hears it. If the universe contwiTiRij 
only blind and deaf beings, it is impossible for us to im¬ 
agine but that darkness and silence would reign every¬ 
where. 

It is undoubtedly true, then, of all the simple sensations? 
that as Berkeley says, their ‘*esse“ is "pcrcipf”—their being 
is to be perceived or known. But that which perceives, or 
knows, is termed mind or spirit; and therefore the knowl¬ 
edge which the senses give is, after all, a knowledge of 
spiritual phenomena. 

AH this was explicitly or implicitly admitted, and indeed 
insisted upon, by Berkeley’s contemporaries .... with re¬ 
spect to these secondary qualities. 

Huxley proceeds to discuss the idea of primary qualities as 
held at Berkeley's time, and then returns to his experiment 
of the pin. 

It has been seen that when the finger is pricked with ft 
pin, a state of consciousness arises which we call pain; and 
it is admitted that this pain is not a something which in¬ 
heres in the pin, but a something which exists only in the 
mind, and has no similitude dsewhere. 

But a little attention will show that this state of con- 
scbusness is accompanied by another, which can by no 
effort be got rid of. 1 not only have the feeling, but the feel¬ 
ing is localized. I am just as certain that the pain is in my*^ 
finger, as 1 am that 1 have it at all. Nor wUl any effort of 
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the imagmation enable me to bdieve that the pain Is not 
in my finger. 

And yet nothing is more certain than that it is not, and 
cannot be, in the spot in which 1 feel it, nor within a couple 
of feet of that spot. For the skin of the finger is connected 
by a bundle of fine nervous fibres, which run up the whole 
length of the arm, to the spinal marrow, which sets them 
in communication with the brain, and we know that the 
feeling of pain caused by the prick of the pin is dependent 
on the integrity of those fibres. After they have been cut 
through close to the spinal cord, no pain be felt, what¬ 
ever injury is done to the finger; and if the ends which re¬ 
main in connexion with the spinal cord be pricked, the 
pain which arises will appear to have its seat in the finger 
just as distinctly as before. Nay, if the whole arm be cut 
off, the pain which arises from pricking the nerve stump 
will appear to be seated in the fingers, just as if they were 
stiU connected with the body. 

It is perfectly obvious, therefore, that the localization of 
the pain at the surface of the body is an act of the mind. 
It is an extradition of that consciousness,' which has its seat 
in the brain, to a definite point of the body—which takes 
place without our volition, and may give rise to ideas which 
are contrary to fact. . . . Locality is no more in the pin than 
pain is; of the former, as of the latter, it is true that “its 
being is to be perceived,” and that its existence apart from 
a rtiinking min d is not conceivable. 

The foregoing reasoning will be in no way affected, if 
instead of pricking the finger, the point of the pin rests gen¬ 
tly against it so as to give rise merely to a tactile sensation. 
The tactile sensation is referred outwards to the point 
touched, and seems to exist there. But it is certain that it is 
not and cannot be there really, because the brain is the sole 
seat of consciousness; and, further, because evidence, as 
strong as that in favour of the sensation being in the finger, 
can be brought forward in support of propositions which 
are manifestly absurd. For example, the hairs and nails are 
utterly devoid of sensibility, as every one knows. Neverthfr- 
less if the ends of the nails or hairs are touched, ever so 
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lightly, we feel that they are touched, and the 
&66ins to be situated in the nails or hairs. Nay more, if a 
walking-stick, a yard iong, is held firmly by the handle and 
the other end is touched, the tactile sensation, which is a 
state of our own consciousness, is unhesitatingly referred to'* 
the end of the stick, and yet no one will say that it is there. 

Further in the essay we need not quote. Professor Huxley 
is swept along so vigorously by the Berkeleyan argument, that 
in the end he admits with the good bishop that the primary 
qualities, just as much as the secondary, must be regarded as 
states of consciousness and hence, ultimately, if he had to 
choose between absolute materialism and absolute iitpaiinm jig, 
would unhesitatingly adopt the latter. The corollary seems to 
be that he prefers to remain in the Newtonian Hnaiiatn 
But now Huxley has offered us here the most plausible sck 
entific argument that has to date been advanced in favour of 
that dualism, as regards the place it assigns to the mind. Des¬ 
cartes had insisted that secondary qualities must be stripped 
from extended matter, even pains must be taken out of our 
limbs, and all but the mathematical qualities bestowed on 
the sovd, which operates from its seat in the pineal gland of 
the brain. Let us see what we can make of Huxley’s defence of 
this position. 

A pin pricks my finger, and I feel, as I say, pain in it. But 
Professor Huxley assures me that the pain cannot possibly bq. 
m the finger, and why? Because if the nerve fibres leading 
from the finger to the spinal cord are severed, I no longer feel 
the pmprickj therefore the sensation of pain must really be at 
the other end of those fibres, namely in the brain. This strike^ 
one at first sight as a curious argument; it is as if one were to 
say that since the cutting of the Croton aqueduct will cause the 
passage of water through New York City to cease, therefore 
the reservoir which we had supposed to exist in the lower 
Catskills niust be really in the city. Furthermore, it can hardly 
be maintained that the nerve fibres do end in the brain. 
Normally, in such a situation, there is a continued nerve pas¬ 
sage out from the cord or the brain and down through tha' 
arm to a muscle which pulls the finger away from the pin. 
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Therefore, according to this way of arguing, the sensation of 
pain must be in that muscle. But no one as yet has been willing 
to maintain this. Do these considerations not suggest that if 
thinlrers were not already convinced that feelings must occur 
the brain, they would never have supposed that the notion 
was supported by such arguments? 

But Professor Huxley calls our attention to some further 
facts. Sever the arm entirely, and prick the attenuated end of 
that same nerve fibre. Again the pain is felt in the same place, 
i.e., where the finger would have been. But nothing is there 
now but empty space, hence, triumphantly exclaims Professor 
'^uxley, the pain certainly must be in the brain. But how in the 
world ^es this conclusion follow? Not to repeat the above re¬ 
mark, which would apply here also and require that the argu¬ 
ment consistently applied would result in assigning the pain to 
Nibme muscle of the arm, the facts are certainly widely sun¬ 
dered from the conclusion. It is obvious enough in this situa¬ 
tion that the pain I feel and the pricking of the pin do not occur 
at the same place. But what has led us to fancy that we are 
resolving this problem by assigning the pain to some third 
place, namely the brain? 1 certainly do not feel it there. Other 
things happen there, as physiologists discover, but not the feel¬ 
ing. If we are to admit what is forced upon us by the simple 
facts, that the pain and the pricking are in different places, is 
Vit not by far the simplest and most consistent way out of the 
mfflculty to hold that the pain is exactly where I feel it, even 
though to the eye nothing be there but emptiness? Surely no 
*eye would have located it in the brain if he had not been 
wtecedently convinced by some metaphysical prejudice that 
% must be there. 

But the worst is yet to come. Let us adopt and make thor¬ 
oughgoing Huxley’s evident premise. Our sensations are all to 
be located where the nerve fibres leading from the various 
parts of the body affected terminate in the brain. Huxley ob¬ 
serves, and correctly, that inasmuch as the nerve structure and 
the immfidiate perceptions are analogous in the case of all the 
senses, they are all subject to analogous reasoning at this point; 
' ^p-nnpi, just as the pain felt must be in the brain, so the sound 
heard must be also in the brain. A st^ further we ourselves 
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8hall add, namely that the coloured and extended thing seen 
must be in the brain likewise. This is surely no thin g but a con¬ 
sistent development of Professor Huxley’s admissions and 
methods. The objects or contents of all the senses are alike 
concentrated at their proper nerve endings in the brain. 
now, having pursued our premises to this result, what has be- 
come of the universe we perceive and suppose ourselves to 
live in? It is all contracted into a series of minntn , if nQt 
mathematical, points in the brain. But more stiU-in such an 
event what in the world can we mean by the brain? Where 
does it and the nerve fibres that lead into it exist? They too 
are known only by our various senses; they too must be 
nothing but minute pomts—in the same brain? No, that would 
be unintelligible nonsense-where? Well, stay a moment. After : 
ah, I never do perceive my own brain. So far as it is known 
directly and not merely inferred, it is something perceived ^ 
other people who may happen to be interested in investigating 
It. ^erefore the whole of my perceived universe plus the 
bram in which it exists must be located in someone else’s 
brain. And where does that brain exist? In some third brain, of 
course. Where now exist those last brains of people who per¬ 
ceive other brains but who are unfortunate enough to have no 
percelver for theirs? 

Surely we have somewhere run off the track of sane think¬ 
ing. Is it because we have failed to distinguish between sensed ■' 
qualities and characters of real objects to which they corr^ 
spond, the former existing in the brain of the perceiver and the 
latter in the external world? But what can be meant by char-” 
acters of real objects if they be something existentially quite 
different from sensed qualities? What can be meant by co> 
respondence between the two? How can that correspondence 
be verified if only one term of the relation ever comes within 
the realm of perception? In practice we correct dubious per- 
c^tions by appealing to further perceptions; we never correct 
them by comparison with something unperceived. And, more 
challengmg still, what can be the relation between the space 
of real objects and the space of perception? Both seem to be 
infimte and to contain aH the room there is; even the spac#"^ 
of perception seems to contain my body as a very small object 
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yithin it. But on this theory the whole of it must be enclosed 
yithin my real brain. How vast a thing the latter must bel The 
greatest distance that I can measure by any sensible materials 
or tools must span only a small fraction of my own brain, for 
Sflsuch measurements are within the spatial world of my per¬ 
ception. Stranger still, the brains of other people seem to be 
very minute as compared with my own; they are but tiny 
portions of the perceived space all of which exists within my 
own brain. And on the same assumptions they make equally 
polite comparisons of my brain with theirs. Somet hin g must be 
ofi the track again. Or is the brain that I perceive in another 

£ ’s head but an insignificant point within his own real brain? 

such a point within mine, and mine is the same within his. 
What then is the spatial relation between his real brain and 

mine? Which includes the other, and why? 

\3rhose who combine realism with the Newtonian^ dualism 
have trouble enough on their hands working out consistent an¬ 
swers to the above questions. Sooner or later they are practi- 
caUy compelled to abandon the assumptions involved; the space 
. of perception is too much like the space of real objects to re¬ 
veal any essential difference from it. All it needs is to be freed 
from illusions, private images, and other raiperiences lacking 
social objectivity, to function quite acceptably as real space. 
And once this point has been reached there seems no longer 
uny excuse for maintaining the distinction between sensed 
^tles and the real characters to which they correspond. In 
^ veridical perception they are located in the same area of 
mpace, and we never in fact attempt to find out what further 
f imperceived things the ones we perceive correspond to. But Ito 
[ i^^e surrender of the dualism in anything like its Newtonian 
fnrm. A radically different theory of mind is required to con¬ 
strue the situation in this fashion and to make the fundamental 
structure of scientific knowledge more than unintelligible non- 


r 


sense* . 

The fact is, we can mean by real objects only two thmp. 

They are either an entirely transcendent and unknowable X, 
about which nothing more can be said beyond the bare men- 
^n of them; or else they are constancies of relation betwera 
Soups of sensed qualities. In the latter case they are objects 



318 


of experience, and the space in which they exist is essentially 
identical with the space of perception. In common life we aU 
assume this, and take for granted the general validity of judg¬ 
ments of location based on our own spatial perception. ^ 

There is simply no science possible of the realm of sensible 
phenomena unless the trustworthiness of our immediate per¬ 
ception of spatial directions and relations be taken for 
granted. You think yourself justified in assigning my pain to 
the brain because you see what happens when the nerve fibres 


are cut, and you rightly assume that your vision is giving you 
a correct picture of wW is going on in that portion of space 


occupied by those fibres. You are more than ever confident of 
it when other observers confirm you. This implies that the. 


spatial world seen is the real spatial world, not something els^ 
But why then should you turn around and accuse me of error 


when I say that the pain is in my finger? There is surely^no 
logical impossibility in its being there, even in its being b 
otherwise empty space after my arm has been lopped off. The 
only people to whom it is an impossibility are those who al¬ 


ready assume that the feeUng must be in the brain, and if they 


were consistent they would acknowledge the seeing to be b 
the brab likewise—and where such reasonmg ends we have 
just observed. Hence why, pray, is my feelmg to be presumed 
a liar, and your vision always veracious? Why not admit that 
the feeling is where I feel it, basmuch as you cannot avoid 
assumbg that the seebg is where you see it? As long as I 
adhere to an empirical standard of truth, b fact, you shall be 
unable to convbce me that somethbg which 1 immediately feet 
is located b a different place from where I feel it. Empiri¬ 
cally, there is no difference whatever between the senses b 


this respect. Through all of them we immediately experience 
thbgs b various spatial relations, locations, or directions. 
There are doubtless important and bterestbg problems thrust 
upon us b the experiences Huxley cites, such as the matter 
of the nerve stump, of feeling with a cane, and the like, just 
as there are problems about visual illusions, but such problems 
can hardly be solved b either case by a total denial of th^e 
trustworthiness of the senses, but only by a more careful an^- 
ysis of the judgments which we pass on the basis of our sen- 



CONCLUSION 


319 


sible experiences. When I feel pain in a certain spatial locus, 
granted that the testimony of feeling is clear on the point, how 
can I empirically deny that I feel it there, even thou^ to the 
*1^j^hat locus be some distance from the body? In that case I 
! tc® simply affirm that the ordinary spatial correlation of the 
[various senses does not obtain. Analogously, if I see a ghostly 
form where other people tell me there is nothing, or if I call 
objects green which they call red, still I can hardly deny that 
I see what I see, and in certain definite spatial relations with 
the other objects of my vision.® In so far as I am a social 
being, however, 1 need also to get at a common spatial world 
is verifiably there for all people; likewise, in order to live 
j^j^iccessfully I must get at an orderly, dependable world, and 
i^n to distinguish clearly my purely individual and untrust- 
Ih^rthy spatial experiences from those which make up that 
■!i B^on dependable world. But to substitute for this thor¬ 
oughly empirical process of the improvemrat and social cor¬ 
rection of the senses a speculative apriorism that flatly 
contradicts the immediate testimony of sense and places its ob¬ 
jects in spatial relations wholly different from those in which 
they are sensed, can only lead, if carried out to its logical con- 
f elusion, to the complete confusion and mystification of sci¬ 


ence. J T, 1 . 

Philosophers since the days of Newton have graduafly be¬ 
come cognizant of these considerations. But when it comes to 
fthe^uestion of replacing this impossible doctrine by a positive 
'theory of mind, there has been a radical diversity of opmion 
iSa a philosophy which will be fair to all the data and meet 
M Jie basic needs clamoring to guide their interpretation is 
be invented. In general, it may be said that two mam 
Bhections have been pursued. On the one hand there have 
Keen those eager to make mind itself, the knowa of physicd 
Lture, an object of scientific study. To do this with exartitude 
Cd objectivity has meant breaking down the dualism by m 

iThe immediate testimony of sight, £ 

teSaHSSSs 

■Erewise.. 
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corporating tninH somehow into the world of bodily motions. 
On the other liand there have been those anxious to snb< 
stantiate on a basis more acceptable in modem times the 
medieval accordance to mind of a high place and drati^ 
in cosmic affairs. In general these two trends have been S 
violent conflict with each other. I 

To put ourselves briefly at the point of view of the former 
group, it does seem like strange perversity in these NewtonianJ 
scientists to further their own conquests of external nature bjj 
InariiTig on mind everything refractory to exact mathematicali 
hanHling and thus rendering the latter still more difficult to' 
study scientifically than it had been before. Did it never ^roa, 
their T^iiTias that sooner or later people would appear wht 
craved verifiable knowledge about mind in the same way % 
craved it about physical events, and who might reasonabl' 
curse their elder scientific brethren for buying easier su6cesi 
in thwr own enterprise by throwing extra handicaps in the wa; 
of their successors in social science? Apparently not; mind wa 
to them a convenient receptacle for the refuse, the chips am 
whittlings of science, rather than a possible object of scientifi 
knowledge. 

To be sure, some thinkers in those days were willing t 
rnnka ventures that might, if wisely and prophetically df 
veloped, have led in the direction of an objective science i 
min<t Outside of Hobbes’ crude anticipations of behaviorisn 
Henry More’s doctrine of the spatial extension of mind fi i 
teresting to explore from this standpoint. More was willing 
grant the materialists that everything really existing occupi 
space. Mind, too, then, is an occupant of space and has its ov 
geometry, to be studied by comparable techniques to toe 
by which the geometry of tedily motion is determined. Th 
seemingly, ® verifiable science of mind might be worked o 
Let us allow our fancy to wander along the route that t 
speculation might Indicate, “When I fed pain in my hand,’ 
rhampinn of this view would say, “resistance of the ea 
against my feet, and gaze at a ^orious sunset beyond the h 
—all at the same time—am I not extended in space? And if 
these experiences be added a memory of some previous’'" 
more ^orious sunset, together with an anticipation of 
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twilight soon to descend, am I not extended in timn also? 
To be sure, there are important diSerences between my spatio- 
lemporal extension and that of material bodies. The latter are 
i^gylar, dependable, divisible into parts, and orderly, at least 
as regards their mathematical qualities and behaviour; the 
space and time which I occupy is a monstrous, irreducible 
unit, fluctuating rapidly and violently in size, shape, and centre 
of attention. But certainly my immediate experience through 
all the senses negates the notion that the difference between 
them and me lies in the fact that they are extended while I am 
nQt. Science depends entirely on the validity of my spatial per- 
celstions of direction and relation—how in the world can &ey 
r^be either spatial or valid unless I am already an occupant of 
p^ace? Indeed, can the bulk of modem thou^t be blamed for 
timing away from the more logically consistent form of Des* 
f canes’ dualism, which reached its grandest expression in 
'I Spinoza, to a view which at least left some spatial locus for 
the soul, and offered a practical, though absurdly inconsist- 
^ ent, way of interpreting its relations with extended matter? 
“ For the relations exist. We know our spatial world, we live in 
it, enjoy it, use it. How could this be possible if we were 
“ absolutely unspatial ourselves? Can we clearly conceive any- 
^ thing as existing without occupying space and time, except a 
.paathematical point? 

\J^ow if the extension of the mind be thus demanded," he 
would continue, "where shall we limit that extension? We fed 
*iij, every part of the body, nay, perhaps beyond the body under 
”^^Ttain conditions which oug^t to be analysed and determined, 
can we confine ourselves to More’s doctrine of the ex¬ 
tension of spirit, which limits that extension to a thin effluvium 
surrounding the body? Are the things heard in the body, or 
the things seen, no farther than the boundary of such a 
ghostly fringe? And how about memory and purpose? Is there 
any cogent reason to suppose that ideals and memory-images 
are in the present body at all? Have not the psychological 
and physiological difficulties about them arisen largely because 
are determined to push them somehow into the brain? 
^^iSere is no help for it, we must declare unreservedly that a 
^Pconsistent empiricism cannot stop short of maintaining that 
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the mind Is extended in time and space throughout the whole 
realm that is spanned by its knowledge and contemplation 
How else can the facts be expressed?” 

But this outcome, of course, reveals how impossible it will^ 
be to make an exact science of mind by the aid of these con¬ 
ceptions. The mind thus studied is still an object of intro¬ 
spection, not of co-operative analysis; the space it occupies is 
a widely fluctuating unit, not determinable by any of the tech¬ 
niques of exact measurement which we apply to the objects 
of other sciences. No, this motive will lead clearly in the di¬ 
rection of identifying mind with activities of the organic body.i 
wWch supply something objectively manipulable by accredited j 
scientiflc methods and which are sufiflciently correlated with'' 
mental events in the traditional sense so that the extent of th^ 
transformation is somewhat masked and the radical novell^ 
of the doctrine minimized. When this is done with no qualirfca-'i 
tion or reservation, psychology retaining no uniqueness but! 
becoming a sheer branch of objective physiology, the outcome 
is behaviorism; when the same motives are dominant but 
qualitative uniquenesses of terms and relations are permitted 
to each science, a less extreme functional conception of mind 
results. Thus mind becomes an empirical object of co-opera¬ 
tively verifiable procedures, and the problem of the subjective 
as such, forfeited by a psychology which has thus crossed the 
Rubicon, is handed over to philosophy. 

Granted, however, the legitimacy of the motives which wish 
to render mind material for exact prediction and control after 
the fashion of objects of the other sciences—were the ancieni^ 
md medievalists entirely astray in their doctrine that minri u 
in some sense a privileged and superior entity in face of W 
vastness of physical nature? Is there anything in the 
situation itself which implies such a status for that which 
knows the world of science? Many philosophers have reacted 
to Newtonlanism by elaborating aflirmative answers to these 
questions. We may open consideration of their reflections by 
reminding ourselves of the rather suggestive fact that all 
schools of Greek thought, even the atomists, were agreed in- 
assigning umque prerogatives and powers to mind; it may^Df* 
that our modem hesitation to do so is due mainly to the abusd 
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of such speculations by retigionists eager to prove the im- 
nateriality and immortality of tiie soul. To be sure, since when 
yre think and speak we are functioning as minds, it is wdl 
%^e modest about our cosmic status, and if stressing cCTtain 
truths about the wonder of mind is apt to encourage tender 
souls to bask in sweet dreams about their importance in the 
universe, perhaps these truths should not be stressed. None 
the less, there is a definite sense in which mind is the living 
perspective of the totality of human experience, the active and 
focal organization of the entire current of events and their 
meanings of which we humans become cognizant. 

l|he whole vast realm which science reveals finds its rational 
'Order and meaning in the knowing activity of mind. So far 
'jkom being a curious sensitive substance presmit in a small 
comer of the brain, or even an activity of the nervous system, 
imd seems to be a unique something to which the spatio- 


temporal realm, induing the brain and the body, is or can be 
present. Or if objecting realists plead that the structure of 
meaning is as external to mind as physical nature, at least it 
must be admitted that mind is that something in the existential 
world most capable of actively participating in this redm of 
meaning. To note this circumstance and what it involves is 
not mere matter of silly sdf-congratulation. The so-cdled 
' higher mental powers of human penons seem to be the com- 
' ^i^est perspectives of reality so far as revealed in our Hcperi- 
I ence; as Aristotle insisted, they include all that other orders of 
being do and more besides. In their larger attainments reason, 
.deling, and purpose compose a marvellous umty of functioM. 

When we see them at work in the smile and genial conversation 
I ora friend we give free rein to our admiration and delict, 
i whatever conscientious scruples seem to require when we come 
to pbiinenplii^e I had almost introduced the word “spirit” here, 

I forgetting for a moment that at the si^t of such a word 
sophisticated modems would brand me at once a hopelKS 
Perhaps it might be well to sunender the old 
term mind to the mercies of behaviorists if we might recover 
^u its place the term spirit from the fog of obscurantist n^- 
, jaBlogy, and express by its aid such facts as thrae. Let toe 
T^rder of nature be ever so vast and all-absorbing—it is still ut 
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the object of rationally conceiving mind. And as for purpose, 
do we not empirically note that every object of mind is like¬ 
wise a means for the realization of further ends? Among the 
irreducible relations of a thing known, is there not its relajipi^ 
to a more valuable end which it may be made to serve? 
this be the case, then purpose is an even more ultimate funcr 
tion than knowledge and feeling, and mind, embracing by this 
term such knowing, appreciating, and purposive activity, must 
find its total explanation beyond the material world. Mind ap¬ 
pears to be an irreducible something that can know the world 
of extended matter, love ardently its order and beauty, and 
transform it continually in the light of a still more attraqjtive' 
and commanding good. Mind has the power to feel, to idealize,, 
to recreate its world into something significantly better, ai| 
well as to know it 

Strange dualism between the theory and practice of us mod¬ 
ems—electrons are the only real things, but yet by applied 
science the world of electrons has been reduced as never be¬ 
fore to a means for the achievement of ideal endsl The natural 
world after all is more the home and theatre of mind than its 
unseen tyrant, and man as expressing the functions of reasos 
and spirit gathers to a focus far more of the flavour and 
creative fertility of the universe than the whole spatio-temporal 
object of his eager contemplation. 

Mayhap we must wait for the complete extinction of theo¬ 
logical superstition before these things can be said without inb 
imderstanding. Such is the misfortune of modem thought & 
compared with that of Greece. But in these two-sided con 
siderations Is bared the terrific difficulty of the modern proven 
of metaphysics. An adequate cosmology will only begin to b 
written when an adequate philosophy of mind has appearec 
and such a philosophy of mind must provide full satisfactio 
both for the motives of the bebaviorists who wish to mak 
mind material for experimental manipulation and exact mea: 
urement, and for the motives of idealists who wish to see tb 
startling difference between a universe without mind and 
universe organized into a living and sensitive unity throug 
min d properly accounted for. 1 hope some readers of tliSj 
pages will catch glimmerings bow this seemingly impossib] 
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leconciliation is to be brought about. For myself I must admit 
that, as yet, it is beyond me, and only insist that whatever 
jaay turn out to be the solution, an indispensable part of its 
^gmdation will be clear historical insight into the antecedents 
Mour present thought-world. If the volume in hand has aided 
somewhat in the clarification of these it has fulfilled its modest 
pretensions. 
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